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Authorized Edition. 



PREFACE. 



Rdy of Palaeontology, or the science which is 
i with the living beings which flourished upon 
the globe during past periods of its history, may be 
■pursued by two parallel but essentially distinct paths. 
By the one method of inquiry, we may study the 
anatomical characters and structure of the innumerable 
. extinct forms of life which lie buried in the rocks 
simply as so many organisms, with but a slight and 
secondary reference to the fime at which they lived. 
By the other method, fossil animals are regarded prin- 
' cipally as so many landmarks in the ancient records of 
the world, and are studied historically and as regards 
their relations to the chronological succession of the 
strata in which they are entombed. In so doing, it is 
of course impossible to wholly ignore their structural 
characters, and their relationships with animals now 
living upon the earth ; but these points are held to 
occupy a subordinate place, and to require nothing 
more than a comparatively general attention. 

In a former work, the Author has endeavoured to 
furnish a summary of the more important facts of 
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Paleontology regarded in its strictly scientific aspect, 
as a mere department of the great science of Biology. 
The present work, on the other hand, is an attempt to 
treat Palaeontology more especially from its historical 
side, and in its more intimate relations with Geology. 
In accordance with this object, the introductory portion 
of the work is devoted to a consideration of the general 
principles of Pateontology, and the bearings of this 
science upon various geological problems — such as the 
mode of formation of the sedimentary rocks, the reac- 
tions of living beings upon the crust of the earth, and 
the sequence in time of the fossiliferous formations. 
The second portion of the work deals exclusively with 
Historical Paleontology, each formation being consid- 
ered separately, as regards its lithological nature and 
subdivisions, its relations to other formations, its geo- 
graphical distribution, its mode of origin, and its char- 
acteristic life-forms. 

In the consideration of the characteristic fossils of 
each successive period, a general account is given of 
their more important zoological characters and their 
relations to living forms; but the technical language of 
Zoology has been avoided, and the aid of illustrations 
has been freely called into use. It may therefore be 
hoped that the work may be found to be available for 
the purposes of both the Geological and the Zoological 
student ; since it is essentially an outline of Historical 
Pa lie ontology, and the student of either of the above- 
mentioned sciences must perforce possess some know- 
ledge of the last. Whilst primarily intended for stu- 
dents, it may be added that the method of treatment 
adopted has been so far untechnica! as not to render 
th" k useless to the general reader who may desire 



to acquire some knowledge of a subject of such vast 
and universal interest. 

In carrying out the object which he has held before 
him, the Author can hardly expect, from the nature of 
the materials with which he has had to deal, that he has 
kept himself absolutely clear of errors, both of omission 
and commission. The subject, however, is one to which 

rfae has devoted the labour of many years, both in 
Studying the researches of others and in personal 
investigations of his own ; and he can only trust that 
such errors as may exist will be found to belong chiefly 
to the former class, and to be neither serious nor 
numerous. It need only be added that the work is 
necessarily very limited in its scope, and that the 
necessity of not assuming a thorough previous acquaint- 
ance with Natural History in the reader has inexorably 
restricted its range still further. The Author does not, 
therefore, profess to have given more than a merely 
general outline of the subject ; and those who desire 
to obtain a more minute and detailed knowledge of 
Palaeontology, must have recourse to other and more 
elaborate treatises. 
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PART I. 



PRINCIPLES OF PALEONTOLOGY. 



THE 

ANCIENT LIFE- HISTORY 



THE EARTH. 



INTRODUCTION. 

The Laws of Geological Action. 

:Vnder the general title of " Geology " arc usually included at 
least two distinct branches of inquiry, allied to one another in 
the closest manner, and yet so distinct as to be largely capable 
of separate study. Geology^ in its strict sense, is the science 
which is concerned with the investigation of the materials which 
compose the earth, the methods in which those materials have 
been arranged, and the causes and modes of origin of these 
arrangennents. In this limited aspect, Geology is nothing more 
than the Physical Geography of the past, just as Physical Geo- 
graphy is the Geology of to-day ; and though it has to call in 
the aid of Physics, Astronomy, Mineralogy, Chemistry, and 
other allies more remote, it is in itself a perfectly distinct and 
individual study. One has, however, only to cross the thresh- 
old of Geology to discover that the field and scope of the 
cannot be thus rigidly limited to purely physical pro- 
lilems. The study of the physical development of the earth 
diroughout past ages brings us at once in contact with the 
forms of animal and vegetable life which peopled its surface in 
bygone epochs, and it is found impossible adequately to cora- 
• Gr. ir, the earth ; hgii, a 
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'^PRINCIPLES OF PALEONTOLOGY. ^^^^^ 

prebend the former, unless we possess some knowledge of the 
latter. However great its physical advances may be. Geology 
remains imperfect till it is wedded with Palseontology,* a study 
which essentially belongs to the vast complex of the Biologi- 
cal Sciences, but at the same time has its strictly geological 
side. Dealing, as it does, wholly with the consideration of 
such living beings as do not belong exclusively to the present 
order of things. Palaeontology is, in reality, a branch of Natu- 
ral History, and may be regarded as substantially the Zoology 
and Botany of the past. It is the ancient life-history of the 
earth, as revealed to us by the labours of paleontologists, 
with which we have mainly to do here; but before entering 
upon this, there are some general questions, atfecting Geology 
and Palaeontology alike, which may be very briefly discussed. 

The working geologist, dealing in the main with purely phy- 
sical problems, has for his object to determine the materia! 
structure of the earth, and to investigate, as far as may be, the 
long chain of causes of which that structure is the ultimate re- 
sult. No wider or more extended field of inquiry could be 
found; but philosophical geology is not content with this. At 
all the confines of his science, the transcendental geologist 
finds himself confronted with some of the most stupendous 
problems which have ever engaged the restless intellect of 
humanity. The origin and primeval constitution of the terres- 
trial globe, the laws of geologic action through long ages of 
vicissitude and development, the origin of life, the nature and 
source of the myriad complexities of Uving beings, the advent 
of man, possibly even the future history of the earth, are 
amongst the questions with which the geologist has to grapple 
in his higher capacity. 

These are problems which have occupied the attention of 
philosophers in every age of the world, and in periods long 
antecedent to the existence of a science of geology. The mere 
existence of cosmogonies in the religion of almost every nation, 
both ancient and modern, is a sufficient proof of the eager de- 
sire of the human mind to know something of the origin of the 
earth on which we tread. Every human being who has gazed 
on the vast panorama of the universe, though it may have been 
but with the eyes of a child, has felt the longing to solve, how- 
ever imperfectly, "the riddle of the painful earth," and has, 
consciously or unconsciously, elaborated some sort of a theory 
as to ihe why and wherefore of what he sees. Apart from the 
profound and perhaps inscrutable problems which lie at the 
bottom of human existence, men have in all ages invented 

* Gr. palaiiis, ancient ; Qnia, beings ; logos, diEcaune. 



meories to explain the common phenomena of the materia] 
ttiiverse ; and most of these theories, however varied in their 
[etails, tuTD out on examination to have a common root, and 
'5 be based on the same elements. Modem geology has Us 

1 theories on the same subject, and it will be well to glance 
a moment at the principles underlying the old and the new 
\ntws. 

It has been maintained, as a metaphysical hypothesis, that 
Biere exists in the mind of man an inherent principle, in virtue 
*-0f which he believes and expects that what has been, will be ; 
and that the course of nature will be a continuous and unin- 
lerrapled one. So far, however, from any such belief existing 
as a necessary consequence of the constitution of the human 
mind, the real fact seems to be that the contrary belief has 
been almost universally prevalent. In all old religions, and 
in the philosophical systems of almost all ancient nations, the 
order of the universe has been regarded as distinctly imstable, 
mutable, and temporary. A beginning and an end have always 
been assumed, and the course of terrestria! events between 
these two mdefinite points has been regarded as liable to con- 
stant interruption by revolutions and catastrophes of different 
kinds, in many cases emanating from supernatural sources. 
Few of the more ancient theological creeds, and still fewer of 
the ancient philosophies, attained body and shape without 
containing, in some form or another, the belief in the existence 
of periodical convulsions, and of alternating cycles of destruc- 
tion and repair. 

That geology, in its early infancy, should have become im- 
bued with the spirit of this belief, is no more than might have 
been expected ; and hence arose the at one time powerful and 
generally-accepted doctrine of " Cat3Stroj>hisni." That the 
succession of phenomena upon the globe, whereby the earth's 
crust had assumed the configuration and composition which 
we find it to possess, had been a discontinuous and broken 
succession, was the almost inevitable conclusion of the older 
geologists. Everywhere in their study of the rocks they met 
with apparently impassable gaps, and breaches of continuity 
that could not be bridged over. Everywhere they found them- 
selves conducted abruptly from one system of deposits to 
others totally different in mineral character or in strati graphical 
position. Everywhere they discovered that well-marked and 
easily recognisable groups of animals and plants were succeeded, 
t the intermediation of any obvious lapse of time, by 
lier assemblages of organic beings of a different character. 
iverywhere they found evidence that the earth's crust had 
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undergone changes of such magnitude as to render it seemingly 
irrational to suppose that they cou)rt have been produced by 
any process now in existence. IT we add to the above the 
prevalent belief of the time as to the comparative brevity of 
the period which had elapsed since the birth of the globe, we 
can readily understand the general acceptance of some form of 
calastrophism amongst the earlier geologists. 

As regards its general sense and substance, the doctrine of 
calastrophism held that the history of the earth, since first it 
emerged from the primitive cliaos', had been oue of periods of 
repose, alternating with catastrophes and cataclysms of a more 
or less violent cliaracter. The periods of tranquillity were sup- 
posed to have been long and protracted ; and during each of 
them it was thought that one of the great geological "fonna- 
tions " was deposited. In each of these periods, therefore, the 
condition of the earth was supposed to be much the same as it 
is now — sediment was quietly accumulated at the bottom of the 
sea, and animals and plants flourished uninterruptedly in suc- 
cessive generations. Each period of tranquillity, however, was 
believed to have been, sooner or later, put an end to by a 
sudden and awful convulsion of nature, ushering in a brief and 
paroxysmal period, in which the great physical forces were 
unchained and permitted to spring into a portentous activity. 
The forces of subterranean fire, with their concomitant pheno- 
mena of earthquake and volcano, were chiefly relied upon as 
the efficient causes of these periods of spasm and revolution. 
Enormous elevations of portions of the eartii's crust were thus 
believed to be produced, accompanied by corresponding and 
equally gigantic depressions of other portions. In this way 
new ranges Of mountains were produced, and previously exist- 
ing ranges levelled with the ground, seas were converted into 
dry land, and continents buried beneath the ocean — catastrophe 
following catastrophe, till the earth was rendered uninhabitable, 
and its races of animals and plants were extinguished, never to 
reappear in the same form. Finally, it was believed that this 
feverish activity ultimately died out, and that the ancient peace 
once more came to reign upon the earth. As the abnormal 
throes and convulsions began to be relieved, the dry land and 
sea once more resumed their relations of stability, the condi- 
tions of life were once more established, and- new races of ani- 
mals and plants sprang into existence, to last until the super- 
vention of another fever-fit. 

Such is the past history of the globe, as sketched for us, in 
alternating scenes of fruitful peace and revolutionary destruc- 
tion, by the earlier geologists. As before said, we cannot 
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mder at the former general acceptance of Cataslro phis tic 
Joctrines. Even in the light of our present widely-increased 
knowledge, the series of geological monumenls remains a broken 
and imperfect one ; nor can we ever hope to fill up completely 
the nttmerous gaps with which the geological record is defaced. 
Catastrophism was the natural method of accounting for these 
^ps, and, as we shall see, it possesses a basis of truth. At 
|,present, however, catastrophism may be said to be nearly ex- 
Ltinct, and its place is taken by the modern doctrine of " Con- 
tinuity " or " Uniformity " — a doctrine with which the name of 
Lyell must ever remain imperishably associated. 

The fundamental thesis of the doctrine of Uniformity is, 
that, in spite of all apparent violations of continuity, the se- 
quence of geological phenomena has in reality been a regular 
and uninterrupted one ; and that the vast changes which can 
be shown to have passed over the earth in former periods have 
been the result of the slow and ceaseless working of the ordi- 
nary physical forces — acting with no greater intensity than they 
do now, but acting through enormously prolonged periods. 
The essential element in the theory of Continuity is to be found 
in the allotment of indefinite rime for the accomplishment of 
the known series of geological changes. It is obviously the 
case, namely, that there are two possible explanations of all 
phenomena which lie so far concealed in '' the dark backward 
and abysm of time," that we can have no direct knowledge of 
the manner in which they were produced. We may, on the 
one hand, suppose them to he the result of some very powerful 
cause, acting through a short period of time. That is Catas- 
trophism. Or, we may suppose them to he caused by a much 
weaker force operating through a proportionately prolonged 
period. This is the view of the Uniformitarians. U is a ques- 
tion of en/rgy versus time ; and it is time which is the true ele- 
ment of the case. An earthquake may remove a mountain in 
the course of a few seconds ; but the dropping of the gentle 
rain will do the same, if we extend its operations over a millen- 
nium. And this is true of all agencies which are now at work, 
BT ever have been at work, upon our planet. The Catastro- 
Dhisls, beheving that the globe is but, as it were, the birth of 
yesterday, were driven of necessity to the conclusion that its 
history had been checkered by the intermittent action of par- 
oxysmal and almost inconceivably potent forces. The Unifor- 
mitarians, on the other hand, maintaining the " adequacy of 
existing causes," and denying that the known physical forces 
ever acjed in past time with greater intensity than they do at 
present, are, etjually of necessity, driven to the conclusion that 
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the world is truly in its "hoary eld," and that its present stale 
is really the result of the trancjuil and regulated action of 
known forces through unnumbered and innumerable centuries. 

The most important point for us, in the, present connection, 
is the bearing of these opposing doctrines upon the question 
as to the origin of the existing terrestrial order. On any doc- 
trine of uniformity that order has been evolved slowly, and, 
according to law, from a pre-existing order. Any doctrine of 
catas trophism, on the other hand, carries with it, by implica- 
tion, the belief that the present order of things was brought 
about suddenly and irrespective of any pre-existent order ; and 
it is important to hold clear ideas as to which of these behefs 
is the true one. In the first place, we may postulate that the 
world had a beginning, and, equally, that the existing terrestrial 
order had a beginning. However far back we may go, geology 
does not, and cannot, reach the actual beginning of the world; 
and we ate, therefore, left simply to our own speculations on 
this point. With regard, however, to the existing terrestrial 
order, a great deal can be discovered, and to do so is one of 
the principal tasks of geological science. The first steps in the 
production of that order lie buried in the profound and un- 
searchable depths of a past so prolonged as to present itself to 
our finite minds as almost an eternity. The last steps are in 
the prophetic future, and can be but dimly guessed at. Be- 
tween the remote past and the distant future, we have, however, 
a long period which Is fairly open to inspection ; and in saying 
a "long" period, it is to be borne in mind that this term is 
used in its geological sense. Within this period, enormously 
long as it is when measured by human standards, we can trace 
with reasonable certainty the progressive march of events, and 
can determine the laws of geological action, by which the pre- 
sent order of things has been brought about. 

The natural belief on this subject doubtless is, that the 
world, such as we now see it, possessed its present form and 
configuration from the beginning. Nothing can be more 
natural than the belief that the present continents and oceans 
have always been where they are now; that we have always 
had the same mountains and plains ; that our rivers have 
always had their present courses, and our lakes their present 
positions; that our climate has always been the same; and 
that our animals and plants have always been identical with 
those now familiar to us. Nothing could be more natural 
than such a belief, and nothing could be further removed from 
the actual truth. On the contrary, a lery slight acquaintance 
with geology shows us, in the words of Sir John Herschel, t*" 
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fths actual configuration of our continents and islands, the 

it-lines of our maps, the direction and elevation of our 
lOQn tain-chains, the courses of our rivers, and the soundings 
oceans, are not things primordiaJly arranged in the con- 
I'Btmction of our globe, but results of successive and complex 
I actions on a former state of things; iAat, again, of similar 
\ actions on another still more remote ; and so on, till the ori- 
, ginal and really permanent state is pushed altogether out of 
'sight and beyond the reach even of imagination ; while on the 
lOlher hand, a similar, and, as far as ne can see, interminable 
^.Vista is opened out for the future, by which the habitabilily of 
planet is secured amid the iota! abolition on it of the 
jf^esent theatres of terrestrial life." 

^ Geology, then, teaches us that the physical features which 
now distinguish the earth's surface have been produced as the 
'illtimate result of an almost endless succession of precedent 
changes. Paljeontology teaches us, (hough not yet in such 
assured accents, the same lesson. Our present animals and 
plants have not been produced, in their innumerable forms, 
each as we now know it, as the sudden, collective, and simul- 
taneous birth of a renovated world. On the contrary, we have 
the clearest evidence that some of our existing animals and 
plants made their appearance upon the earth at a much earlier 
period than others. In the confederation of animated nature 
some races can boast of an immemorial antiquity, whilst others 
are comparative /a/r^w/aj. We have also the clearest evidence 
that the animals and plants which now inhabit the globe have 
been preceded, over and over again, by other different assem- 
blages of animals and plants, which have flourished in succes- 
sive periods of the earth's histoiy, have reached their culmina- 
tion, and then have given way to a fresh series of living beings. 
We have, finally, the clearest evidence that these successive 
groups of animals and plants (faunse and florie) are to a greater 
or less extent directly connected with one another. Each 
group is, to a greater or less extent, the lineal descendant of 
the group which immediately preceded it in point of time, and 
is more or less (iilly concerned with giving origin to the group 
which immediately follows it. That this law of "evolution" 
has prevailed to a great extent is quite certain ; but it does not 
meet all the exigencies of the case, and it is probable that its 
action has been supplemented by some still unknown law of a 
different character. 

We shall have to consider the question of geological " con- 
tinuity" again. In the meanwhile, it is sufficient to state that 
this doctrine is now almost universally accepted as the basiq 
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of all inquiries, both in the domain of geology and that of 
palreoiitology. The advocates of continuity possess one im- 
mense advantage over those who believe in violent and revo- . 
lutionary convulsions, that they call into play only agencies 
of which we have actual knowledge. We knew that certain 
forces are now at work, producing certain modifications in the 
present condition of the globe ; and we know that these forces 
are capable of producing the vastest of the changes which 
geology brings under our consideration, provided we assign a 
time proportionately vast for their operalion. On the other 
hand, the advocates of catastrophism, to make good their 
views, are compelled to invoke forces and actions, both de- 
structive and restorative, of which we have, and can have, no 
direct knowledge. They endow the whirlwind and the earth- 
quake, the central fire and the rain from heaven, with powers 
as mighty as ever imagined in fable, and they build up the 
fragments of a repeatedly shattered world by the intervention 
of an intermittently active creative power. 

It should not be forgotten, however, that from one point of 
view there is a truth in catastrophism which is sometimes 
overlooked by the advocates of continuity and uniformily. 
Catastrophism has, as its essential feature, the proposition that 
the known and existing forces of the earth at one time acted 
with much greater intensity and violence than they do at pre- 
sent, and they carry down the period of this excessive action 
to the commencement of the present terrestrial order. The 
Uniform karians, in effect, deny this proposition, at any rate as 
regards any period of the earth's history of which we have 
actual cognisance. If, however, the " nebular hypothesis " of 
the origin of tlie universe be well founded— as is generally ad- 
mitted — then, beyond question, the earth is a gradually cooling 
body, which has at one time been very much hotter than it is 
at present. There has been a lime, therefore, in which the 
igneous forces of the earth, to which we owe the phenomena of 
earthquakes and volcanoes, must have been far more intensely 
active than we can conceive of from anything that we can see 
at the present day. By the same hypothesis, the sun is a 
cooling body, and must at one time have possessed a much 
higher temperature than it has at present. But increased heat 
of the sun would seriously alter the existing conditions affect- 
ing the evaporation and precipitation of moisture on our earth ; 
and hence the aqueous forces may also have acted at one time 
more powerfully than they do now. The fundamental prin- 
ciple of catastrophism is, therefore, not wholly vicious; and 
we have reason to think that there must have been periods— 



, it is Inie, and perhaps unrecorded in ihe history 
I — in which the known physical forces may have 
acted with an intensity much greater than direct observation 
would lead us to imagine. And this may be believed, aUo- 
gether irrespective of those great secular changes by which hot 
or cold epochs are produced, and which can hardly be called 
" catastrophistic," as they are produced gradually, and are 
Uable to recur at definite intervals. 

Admitting, then, that there is a truth at the bottom of the 
once current doctrines of catastrophism, still it remains certain 
that the history of the earth has been one of law in all past 
time, as it is now. Nor need we shrink back affrighted at the 
vastness of the conception — the vaster for its very vagueness 
- — that we are thus compelled to form as to the duration of 
^logical time. As we grope our way backward through the 
dark labyrinth of the ages, epoch succeeds to epoch, and 
period to period, each looming more gigantic in its outlines 
and more shadowy in its features, as it rises, dimly revealed, 
from the mist and vapour of an older and ever-older past It 
is useless to add century to century or millennium to millen- 
nium. When we pass a certain boundary-line, which, after all, 
is reached very soon, figures cease to convey to our finite 
faculties any real notion of the periods with which we have 
to deal. The astronomer can employ materia! illustrations 
to give form and substance to our conceptions of celestial 
space ; but such a resource is unavailable to the geologist 
The few thousand years of which we have historical evidence 
sink into absolute insignificance beside the unnumbered aeons 
which unroll themselves one by one as we penetrate the dim 
recesses of the past, and decipher with feeble vision the pon- 
derous volumes in which the record of the earth is written. 
Vainly does the strained intellect seek to overtake an ever- 
receding commencement, and toil to gain some adequate grasp 
of an apparently endless succession. A b^inning there must 
have been, though we can never hope to fix its point. Even 
speculation droops her wings in the attenuated atmosphere of 
a past so remote, and the light of imagination is quenched in 
the darkness of a history so ancient. In time, as in space, the 
confines of the universe must ever remain concealed from us , 
and of the end we know no more than of the beginning. In- 
conceivable as is to us the lapse of " geological time," it is no 
more than "a mere moment of the past, a mere infinitesimal 
portion of eternity." Well may " the human heart, that weeps 
and trembles," say, with Richter's pilgrim through celestial 
space, "I will go no farther; for the spirit of man ache th with 
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this infinity. Insufferable is the glory of God. Let me lie 
down in the grave, and hide me from the persecution of the 
Infinite, foi end, I see, there is none." 
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CHAPTER I. 
T/fE SCOPS AND MA TERIALS OF PAL^ONTOLOC Y. 

The study of the rock-masses which constitute the crasC of the 
earth, if carried out in the methodical and scientific manner of 
the geologist, at once brings us, as has been before remarked, 
in contact with the remains or traces of living beings which 
formerly dwelt upon the globe. Such remains are found, in 
greater or less aljundance, in the great majority of rocks ; and 
they are not only of great interest in themselves, but they have 
proved of the greatest importance as throwing light upon vari- 
ous difficult problems in geology, in natural history, in botany, 
and in philosophy. Their study constitutes the science of 
paleontology ; and though it is possible to proceed to a cer- 
tain length in geology and zoology without much palieontolo- 
gical knowledge, it is hardly possible to attain to a satisfac- 
tory general acquaintance with either of these subjects with- 
out having mastered the leading facts of the first. Similarly, 
it is not possible to study palEeontology without some aC' 
quaintance with both geology and natural history. 

PALA:oNTOLOGy, then, is the science which treats of the 
living beings, whether aniraal or vegetable, which have in- 
habited the earth during past periods of its history. Its object 
is to eludicate, as far as may be, the structure, mode of exist- 
ence, and habits of all such ancient forms of life ; to determine 
their position in the scale of organised beings ; to lay down 
the geographical limits within which they flourished ; and to 
fix the period of their advent and disappearance. It is the 
ancient life-history of the earth ; and were its record complete, 
it would furnish us with a detailed knowledge of the form and 
relations of all the animals and plants which have at any period 
flourished upon the land-surfaces of the globe or inhabited its 
waters; it would enable us to determine precisely their succes- 
sion in time ; and it would place in our hands an unfailing key 
to the problems of evolution. Unfortunately, from causes 
which will be subsequently discussed, the palfeontological 
record is extremely imperfect, and our knowledge is inter- 



ipted by gaps, which not only bear a large proportion to our 
ilid infonnaiion, but which in many cases are of such a nature 

can never hope to fill thera up. 
Fossils. — The remains of animals or vegetables which we 
LOW find entombed in the solid rock, and which constitute the 
irking material of the paleontologist, are termed " fossils," * 
"petrifactions." In most cases, as can be readily under- 
od, fossils are the actual hard parts of animals and plants 
rhich were in existence when the rock in which they are now 
hund was being deposited. Most fossils, therefore, are of the 
itureof Ihe shells of shell-fish, the skeletons of coral-zoophytes, 
le bones of vertebrate animals, or the wood, bark, or leaves 
plants. All such bodies are more or less of a hard consist- 
ence to begin with, and are capable of resisting decay for a 
longer or shorter time — hence the frequency with which they 
occur in the fossil condition. Strictly speaking, however, by 
the term " fossil " must be understood " any body, or the traces 
the existence of any body, whether animal or vegetable, which 
been buried in the earth by natural causes" (Lyell). 
'e shall find, in fact, that many of the objects which we have 
study as "fossils" have never themselves actually formed 
ts of any animal or vegetable, though they are due to the 
existence of such organisms, and indicate what was the 
Llure of these. Thus the footprints left by birds, or reptiles, 
-or quadrupeds upon sand or mud, are just as much proofs of 
the former existence of these animals as would be bones, 
feathers, or scales, though in themselves they are inorganic. 
Under the head of fossils, therefore, come the footprints of 
air-breathing vertebrate animals; the tracks, trails, and bur- 
rows of sea-worms, crustaceans, or molluscs ; the impressions 
left on the sand by stranded jelly-fishes ; the burrows in stone 
or wood of certain shelt-fish ; the "moulds" or "casts" of 
lells, corals, and other organic remains; and various other 
lies of a more or less similar nauire. 
FossiLiSATioN. — The term " fossilisalion " is applied to all 
processes through which the remains of organised beings 
may pass in being converted into fossils. These processes are 
numerous and varied ; but there are three principal modes of 
fossUisation which alone need be considered here. In the first 
instance, the fossil is to all intents and purposes an actual 
portion of the original organised being— such as a bone, a shell, 
or a piece of wood. In some rare instances, as in the case of 
the body of the Mammoth discovered embedded in ice at the 
r the Lena in Siberia, the fossil may be preserved 
* Lat. foiSHs, dug up. 
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almost precisely ia its original condition, and even with its 
soft parts uiiiojured. More commonly, ceruin changes have 
taken place in the fossil, the principal being the more or less 
total removal of the organic matter originally present. Thus 
bones become light and porous by the removal of their gela- 
tine, so as to cleave to the tongue on being applied to chat 
organ ; whilst shells become Iragile, and lose their primitive 
coloiurs. In other cases, though practically the real body it 
represents, all the cavities of the fossil, down to its minutest 
recesses, may have become infiltrated with mineral matter. It 
need hardly be added, that it is in the more modem rocks that 
we find the fossils, as a rule, least changed from their former 
condition; but the original structure is often more or less com- 
pletely retained in some of the fossils from even the most 
ancient formations. 

In the second place, we very frequently meet with fossils in 
the state of "casts" or moulds of the original organic body. 
What occurs in this case will be readily understood if we ima- 
gine any common bivalve shell, as an Oyster, or Mussel, or 
Cockle, embedded in clay or mud. If the clay were sufficiently 
soft and fluid, the first thing would be that it would gain access 
to the interior of the shell, and would completely fill up the 
space between the valves. The pressure, also, of the surround- 
ing matter would insure that the clay would everywhere ad- 
here closely to the exterior of the sliell. If now we suppose 
the clay to be in any way hardened .so as to be converted into 
stone, and if we were to break up the stone, we should obvi- 
ously have the following state of parts. The clay which filled 
the shell would form an accurate cast of the interior of the 
shell, and the clay outside would give us an exact impression 
or cast of the exierior o{ the shell (fig. i). We should have, 
then, two casts, an interior and 
an exterior, and the two would 
be very different to one another, 
since the inside of a shell is 
very unlike the outside. In 
the case, in fact, of many uni- 
valve shells, the interior cast or 
" mould " is so unlike the ex- 
terior cast, or unlike the shell 
itself, that it may be difficult to 
■ determine the true origin of the 
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It only remains to add that there is sometimes a further 
complication. If the rock be very porous and permeable by 
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iter, it may happen that the original shell is entirely dissolved 
iway, leaving the interior cast loose, like (he kernel of a nul, 
■within the case formed by the exterior cast. Or it may hapjieii 
that subsequent to the attainment of this stace of things, the 
space thus left vacant between the interior and exierior cast — 
the space, that is, formerly occupied by the shell itself— may 
" B filled up by some foreign mineral deposited there by the 
ifiltration of water. In this last case the splitting open of the 
tck would reveal an interior cast, an exterior cast, and finally 
body which would have the exact form of the original shell, hiil 
hich would be really a much later formation, and which would 
not exhibit under the microscope the minute structure of shell. 
In the third class of cases we have fossils which present 
with the greatest accuracy the external form, and even some- 
times the internal minute structure of the original organic 
body but which neverthe ew are not ihemsel es truly organic, 
but have been formed by a ref h ement ol the parti les of 
the primitive organism by some mineral substance The most 
elegant example of this is aflorded bv fossil wood which has 
been sihcified or converted into flint (ii/cx) In such cases 
we have fossil wood which j resents the rii gs of growth and 
3us stnicture of recent wood and whi h under the micro- 
ipe exhibits the minutest vessels which charactense ligneous 
together with the even more minute markings of the 
i&els (fig 2) The whole lio«e\er tn 1 ad of 1 if, oiu- 
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matter of the wood, is now 
ly explanation that can be given 
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of this by no means rare phenomenon, is that the wood must 
have undergone a slow process of decay in water charged with 
silica or flint in solution. As each successive particle of wood 
was removed by dacay, its place was taken by a particle of 
flint deposited from the surrounding water, till ultimately the 
entire wood was silicified. The process, therefore, resembles 
what would take place if we were to pull down a house built 
of brick by successive bricks, replacing each brick as removed 
by a piece of stone of precisely the same size and form. The 
result of this would be that the house would retain its primi- 
tive size, shape, and oulhne, but it would finally have been 
converted from a house of brick into a house of stone. Many 
other fossils besides wood — such as shells, corals, sponges, 
&c. — are often found silicified; and this may be regarded as 
the commonest form of fossilisation by replacement. In other 
cases, however, though the principle of the process is the same, 
the replacing substance may be iron pyrites, oxide of iron, 
sulphur, malachite, niagnesite, talc, &c. j but it is rarely thai 
the replacement with these minerals is so perfect as to preserve 
the more delicate details of internal s 



CHAPTER II. 

T//E FOSSILIFEROeS ROCKS. 

Fossils are found in rocks, though not universally or p 
miscuously ; and it is therefore necessary thst the palaei 
legist should possess some acquaintance with, at pnyrate, thoseV 
rocks which yield organic remains, and which We therefbre f 
said to be " fossUi/erous." In geological language, all the I 
materials which enter into the composition of the salid crust ' 
of the earth, be their texture what it may — from the 
palpable mud to the hardest granite — are termed '■ r^ 
and for our present purpose we may divide these into two^ 
groups. In the first division are t\\e. Igneous Socks— 
the lavas and ashes of volcanoes— which are formed w 
body of the earth itself, and which owe their structure antjl 
origin to the action of heat. The Igneous Rocks are formed "" 
primarily below the surface of the earth, which they only reach 
as the result of volcanic action ; they are generally destitute of | 
distinct "stratification," or arrangement in successive layers; ' 
and they do not contain fossils, except in the comparative!) 



ire instances where volcanic ashes have envelofied animals 

_ r plants which were living in the sea or on the land in ihc 

immediate vicinity of the volcanic focus. The second great 

division of rocks is that of ihe Fossilifa-ovs, Aqueotis, or Sedi- 

mfnlary Rocks. These are formed at the surface of ihc earth, 

. and, as implied by one of their names, are invariably deposited 

^JD water. They are produced by vital or chemical action, or 

Bare formed from the " sediment " produced by the disinlegra- 

^Ikm and reconstruction of previously existing rocks, without 

■ previous solution ; they mostly contain fossils ; and they are 

arranged in distinct layers or " strata." The so<alled " aerial" 

rocks which, like beds of blown sand, have been formed by 

the action of the atmosphere, may also contain fossils; but 

they are not of such importance as to require special notice 

here. 

For all practical purposes, we may consider thai the Aque- 
ous Rocks are the natural cemetery of the animals and plants 
of bygone ages ; and it is therefore essential that the palaenn- 
tological student should be acquainted with some of the prin- 
cipal facts as to their physical characters, their minute structure 
and mode of origin, their chief varieties, and their historical 
succession, 

The Sedimentary or Fossiliferous Rocks form the greater 
portion of that part of the earth's crust which is open to our 
examination, and are distinguished by the fact that they are 
regularly " stratified" or arranged in distinct and definite layers 
or " strata." These layers may consist of a single material, 
as in a block of sandstone, or they may consist of different 
materials. When examineil on a large scale, they are always 
found to consist of alternations of layers of different mineral 
composition. We may examine any given area, and find in it 
nothing but one kind of rock — sandstone, perhaps, or lime- 
stone. In all cases, however, if we extend our examination 
sufficiently far, we shall uUimateiy come upon different rocks ; 
and, as a general rule, the thickness of any particular set of 
l>eiis is comparatively small, so that different kinds of rock 
I alternate with one another in comparatively small spaces. 

As regards the origin of the Sedimentary Rocks, they are 
^{m the most part " derivative " rocks, being derived from the 
md tear of pre-existent rocks. Sometimes, however, they 
E their origin to chemical or vital action, when they would 
e properly be spoken of simply as Aqueous Rocks. As to 
r mode of deposition, we are enabled to infer that the 
's which compose them have formerly been spread out 
J action of water, from what we see going on every day 
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a.t the mouths of our great rivers, and on a smaller scale wher- 
ever there is ruuning water. Every stream, where it niDS into 
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a lake or into the sea, carries with it a burden of mud, sand, 
and rounded pebbles, derived from the waste of the rocks 
which form its bed and banks. When these materials cease 
to be impelled by the force of the moving water, they sink to 
the bottom, the heaviest pebbles, of course, sinking first, the 
smaller pebbles and sand next, and the finest mud last. Ulti- 
mately, therefore, as might have been inferred upon theoretical 
grounds, and as is proved by practical experience, every lake 
becomes a receptacle for a series of stratified rocks produced 
by the streams flowing into it. These deposits may vary in 
different parts of the lake, according as one stream brought 
down one kind of material and another siream contributed 
another material ; but in all cases the materials will bear ample 
evidence that they were produced, sorted, and deposited by 
running water. The finer beds of clay or sand will all be 
arranged in thicker or thinner layers or larainE ; and if there 
are any beds of pebbles these will all be rounded or smooth, 
just lilce the water-wo^n pebbles of any brook-course. In all 
probability, aJso, we should find iu some of the beds the r&- 



mains of fresh-water shells or plants or other organisms which 

inhabited the lake at the time these beds were being de- 

f posited. 

m In the same way large rivers — such as the Ganges or 

■^Mississippi — deposit all the materials whicli they bring down 

31 their mouths, forming in this way llieir "deltas." When- 

tever such a delta is cut through, either by man or by some 

ijchannel of the river altering its course, we find that it is coni- 

Bposed of a succession of horizontal layers or strata of sand or 

mud, varying in mineral composition, in structure, or in grain, 

Beccording to the nature of the materials brought down by the 

hver at diflerent periods. Such deltas, also, will contain the 

remains of animals which inhabit the river, with fragments of 

^e plants which grew on its banks, or bones of the animals 

phich lived in its basin. 

Nor is this action confined, of course, to large rivers only, 
mough naturally most conspicuous in the greatest bodies of 
On the contrary, all streams, of whatever site, are 
" ' 1 the work of wearing down the dry land, and of 
LDSporting the materials thus derived from higher to lower 
^els, never resting in this work till they reach the sea. 




posits hy its owti action. Upon every coast-lin 
constantly eating back into the land and reducing its com- 
ponent rocks to form the shingle and sand which we see upon 
every shore. The materials thus produced are not, however, 
lost, "but are ultimately deposited elsewhere in the form of new 
stratified accumulations, in which are buried the remains ot 
animals inhabiting the sea at the time. 

Whenever, then, we find anywhere in the interior of the land 
any series of beds having these characters — composed, that is, 
of distinct layers, the particles of which, both large and small, 
show distinct traces of the wearing action of water — whenever 
and wherever we find such rocks, we are justified in assuming 
that they have been deposited by water in the manner above 
mentioned. Either they were laid down in some former lake 
by the combined action of the streams which flowed into it ; 
or they were deposited at the mouth of some ancient river, 
forming its delta ; or they were laid down at the bottom of the 
ocean. In the first two cases, any fossils which the beds 
might contain would be the remains of fresh-water or terres- 
trial organisms. In tlie last case, the majority, at any rate, of 
the fossils would be the remains of marine animals. 

The term " formation " is employed by geologists to express 
" any group of rocks which have some character in common, 
whether of origin, age, or composition " (Lyell) ; so that we 
may speak of stratified and unstrarified formations, aqueous 
or igneous formations, fresh-water or marine formations, and 



Chief Djvisions of the Aqueous Rocks. 

The Aqueous Rocks may be divided into two great sections, 
the Mechanically-formed and the Chemically-formed, includ- 
ing under the last head all rocks which owe their origin lo 
vital action, as well as those produced by ordinary chemical 
agencies. 

A. Mechanically-formed Rocks. — These are all those 
Aqueous Rocks of which we can obtain proofs that their 
particles have been mechanically transported to their present 
situation. Thus, if we examine a piece of conglomerate or 
puddingstone, we find it to be composed of a number of 
rounded pebbles embedded in an enveloping matrix or ])aste, 
which is usually of a sandy nature, but may be composed oF 
carbonate of lime (when the rock is said to be a " calcareous 
conglomerate "). The pebbles in all conglomerates are worn 
and rounded by the action of water in motion, and thus show 



that they have been subjerted to much meclianical attrilion, 
■ >hilst ihey bare been meclianical ly transported for a greater 
r less distance from the rock of which they originally formed 
The analogue of the old conglomerates at (he piesent 
!s to be found in the great beds of shingle and gravel 
which are formed by llie action of the sea on every coast line, 
Vid which are composed of water-worn and well- rot mdeil 
' ' ' ' s of different sizes. A breccia Is a mechanically-formcil 
^ck, very similar to a conglomerate, and consisting of larger 
r smaller fragments of tock embedded in a common iiiutrix. 
"he fragments, however, are in this case all more or less 
ingular, and are not worn or rounded. The fragments in 
breccias may be of large size, or ihey may be comparatively 
Small (6g. 6); and the matrix may be composed of sand (aren- 
aceous) or of carbonate of 
lime (calcareous). In the caie 
of an ordinary sands tone, again, 
we have a rock which may be 
regarded as simply a very fine 
grained conglomerate or brec- 
cia, being composed of small 
grains of sand (silica), some- 
times roimded,sometimesmore 
or less angular, cemented to- 
gether by some such substance 
as oxide of iron, silicate of 
iron, or carbonate of lime. A 
sandstone, therefore, hke a , .. . .. .._... 

conglomerate, is a mecnani Limrjiout) of sh»p wdk Wunnorekod. 
cally-formed rock, its compo- I'l* f>a»i™ni> »« »ii of inuii lin,, imi 
nent grains being eciually the ^ ^iS^'^ihc'^ITo'd 1=,™nr^! 
result of mechanical attrition Jw^edwannnMof oyuiiiiinE limeuone. 
and having equallybeen trans- "*"""■ 

ported from a distance ; and the same is trne of the ordinary 
sand of the sea-shore, which is nothing more than an uncon- 
solidated sandstone. Other so-called sands and sandstones, 
though equally mechanical in their origin, are truly calcareous 
in their nature, and are more or less entirely composed of 
carbonate of lime. Of this kind are the shelksand so com- 
mon on our coasts, and the coral sand which is so largely 
formed in the neighbourhood of coral-reefs. In these cases 
the rock is composed of fragments of the skeletons of shell- 
fish, and numerous other marine animals, together, in many 
"^Stances, with the remains of certain sea-weeds (Corallhies, 
Wiliipores, &c.) which arc endowed with the power of si 




ing carbonate of lime from the sea-waler. Lastly, in cer- 
tain rocks still finer in their texture than sandsiones, such 
as the various mud-rocks and shales, we can still recognise a 
mechanical source and origin. If slices of any of these rocks 
sufficiently thin to be transparent are examined under the 
microscope, it will be found that they are composed of minute 
grains of different sizes, which are all more or less worn and 
rounded, and which clearly show, therefore, that they have 
been subjected to mechanical attrition. 

All the above-mentioned rocks, then, are iiiechanieaUy formed 
rocks; and they are often spoken of as " Derivative Rocks," 
in consequence of the fact that their particles can be shown to 
have been mechanically derived from other pre-existent rocks. 
It follows from this that every bed of any mechanically-formed 
rock is the measure and equivalent of a corresponding amount 
of destruction of some older rock. It is not necessary lo 
enter here into a minute account of the subdivisions of these 
rocks, but it may be mentioned that they may be divided into 
two principal groups, according to their chemical composition. 
In the one group we have the so-called Arenaceous (VaX. arena, 
sand) or Siliceous Rocks, which are essentially composed of 
larger or smaller grains of fiint or silica. In this group are 
comprised ordinary sand, the varieties of sandstone and grit, 
and most conglomerates and breccias. We shall, however, after- 
wards see that some siliceous rocks are of organic origin. In 
the second group are the so-called ArgUlaaous (Lat. argUla, 
clay) Rocks, which coniain a larger or smaller amount of clay or 
hydrated silicate of alumina in their composition. Under this 
head come clays, shales, marls, marl-slate, clay-slates, and 
most flags and flagstones. 

R Chemicallv-fokmed Rocks. — In Ibis section are com- 
prised all those Aqueous or Sedimentary Rocks which have 
been formed by chemical agencies. As many of these chemi- 
cal agencies, however, are exerted through the medium of 
living beings, whether animals or plants, we get into this 
section a nuinber of what may be called " organically-formed 
rocks." These are of the greatest possible importance to the 
palffiontoloj;ist, as being lo a greater or less extent composed 
of the actual remains of animals or vegetables, and it will 
therefore be necessary to consider their character and struc- 
ture in some detail. 

By far the most important of the chemically-formed rocks 
are the so-called Calcareous Rocks (Lat. calx, lime), com- 
prising al! tho e which contain a large proportion of carbonate 
of lime, or are wholly composed of this substance. Carbonate 
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FFOSSILIFEROUS ROCKS. 

of lime is soluble in water holding a certain antount of 
bonic acid gas in solution ; and it is, therefore, found in larger 
or smaller quantity dissolved in all natural waters, both fresh 
and salt, since these waters are always to some extent charged 
with the above mentioned solvent gas. A great number of 
aquatic animals, however, together with some aquatic plants, 
are endowed with the power of separaling the lime thus held 
in solution in the water, and of reducing it again to its solid 
condition. In this way sliellfish, crustaceans, sea-urchins, 
corals, and an immense number of other animals, are enablctl 
I their skeletons ; whilst some plants form hard 

■itrucHrres within their tissues in a precisely similar manner. 

'^e do meet with some calcareous deposits, such as the 
stalactites" and "stalagmites" of caves, the "calcareous 
tufa "and "travertine" of some hot springs, and the spongy 
calcareous deposits of so-called "petrifying springs," which 
are purely chemical in their origin, nfld owe nothing to the 
operation of living beings. Such deposits are formed simply 
by the precipitation of carbonate of lime from water, in con- 
sequence of the evaporation from the water of the carbonic 
acid gas which formerly held the lime in solution ; but, though 
sometimes forming masses of considerate thickness and of 
geological importance, they do not concern us here. Almost 
all the limestones which occur in the series of the stratified 
rocks are, primarily at any rate, of o^aw/i: origin, and have 
been, directly or indirecdy. produced by the action of certain 
lime-making animals or plants, or both combined. The pre- 
sumption as to all the calcareous rocks, which cannot be 
clearly shown to have been otherwise produced, is that they 
are thus oiganically formed ; and in many cases this presump- 
tion can be readily reduced to a certainty. There are many 
varieties of the calcareous rocks, but the following are those 
which are of the greatest importance ; — 

Chaik is a calcareous rock of a generally soft and pulver- 
ulent texture, and with an earthy fracture. It varies in its 
purity, being sometimes almost wholly composed of carbonate 
of lime, and at other times more or less intermixed with foreign 
matter. Though usually soft and readily reducible to powder, 
chalk is occasionally, as in the north of Ireland, tolerably hard 
and compact ; but it never assumes the crystalline aspect 
and stony density of limestone, except it be in immediate 
contact with some mass of igneous rock. By means of the 
iscope, the true nature and mode of formation of chalk 
can be determined with the greatest ease. In the case of the 
harder varieties, the examination can be conducted by means 




I 



PRINCIPLES OF PALEONTOLOGY. ^^ 

of slices ground down to a tbimiess sufficient to render them 
transparent; but in the softer kinds the rock must be disinte- 
grated under water, and the dibris examined microscopically. 
When investigated by either of these methods, chalk is found 
to be a genuine organic rock, being composed of the shells or 
hard parts of innumerable marine animals of different kinds, 
some entire, some fragmentary, cemented together by a matrix 
of very finely granular carbonate of lime. Foremost amongst 
the animal remains which so largely compose chalk are the 
shells of the minute creatures which will be subsequently 
spoken of under the name of Foraminifera (fig. 7), and which, 
in spite of their microscopic 
dimensions, play a more im- 
portant part in the process of 
lime-making than perhaps any 
other of the larger inhabitants 
of the ocean. 

As chalk is found in beds 
of hundreds of feet in thick- 
ness, and of great purity, there 
was long felt much difficulty 
in satisfactorily accounting for 
its mode of formation and ori- 
gin. By the researches of 
Carpenter, Wyville Thomson, 
Huxley, Wallich, and others, 
it has, however, been shown 
that there is now forming, in 
^n«fl are seen. (Original.) the profouud dcplhs of our 

great oceans, a deposit which 
is in all essential respects identical with chalk, and which is 
generally known as the " Atlantic ooze," from its having been 
first discovered in that sea. This ooze is found at great 
depths (5000 to over 15,000 feet) in both the Atlantic and 
Pacific, covering enormously large areas of the sea-bottom, 
and it presents itself as a whitish-brown, sticky, impalpable mud, 
very like greyish chalk when dried. Chemical examination 
shows that the ooze is composed almost wholly of carbonate of 
lime, and microscopical examination proves it to be of organic 
origin, and to be made tip of the remains of living beings. 
The principal forms of these belong to the Foraminifera, and 
the commonest of these are the irregularly-chambered shells of 
Giobigerina, absolutely indistinginshable from the Globigerina 
which are so largely present in the chalk (fig. 8). Along with 
these occur fragments of the skeletons ofolher larger creatures. 





the hard parts of whicli form 
ilie ooze, undoubtedly live at 
r the surface of the sea, 
others, probably, really live 
Tiear the bottom ; and the o 
itself fonns a congenial home 
for numerous sponges, sea- 
lilies, and other marine ani- 
mals which flourish at great 
depths in the sea. There is 
thus established an intimate 

■:and most interesting parallel- 

t Jsm between the chalk and 
i of modem < 
Both are formed essentially in 
the same way, and the latter 

only requires consolidation to become actually converted into 
chalk. Both are fundamentally organic deposits, apparently 
requiring a great depth of water for their accumulation, and 
mainly composed of the remains of Foraminifa-a, together 
with the entire or Woken skeletons of other marine animals of 
greater dimensions. It is to be remembered, however, that the 
ooze, though strictly representative of the chalk, cannot be 
said in any proper sense to be actually identical -rn^x the for- 
mation so called by geologists. A great lapse of time separates 
the two, and though composed of the remains of representative 
classes or groups of animals, it is only in the case of the lowly- 
organised Globigerina, and of some other organisms of little 
higher grade, that we find absolutely the same kinds or species 
of animals in both. 

Limestone, like chalk, is composed of carbonate of lime, 
sometimes ainfost pure, but more cnmmonly with a greater or 
less intermixture of some foreign material, such a.s alimiina or 
silica. The varieties of limestone are almost innumerable, 
but the great majority can be clearly proved to agree with 
chaik in being essentially of organic origin, and in being more 
or less largely composed of the remains of living beings. In 
many instances the organic remains which compose limestone 
are so large as to be readily visible to the naked eye, and the 
rock is at once seen to be nothing more than an agglomera- 
tion of the skeletons, generally fragmentary, of certain marine 
animals, cemented together by a matrix of carbonate of lime. 
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stems and detached plates of sea-lilies (Crinouis). Similarly, 
other limestones are composed almost entirely of the skeletons 
of corals; and such old coralline limestones can readily be 
paralleled by formations which we can find in actual course of 
production at the present day. We only need to transport 
ourselves to the islands of the Pacific, to the West Indies, or 
to the Indian Ocean, to find great masses of lime formed simi- 
larly by living corals, and well known to every one under the 
name of "coral-reefs." Such reefs are often of vast extent, 
both superficially and in vertical thickness, and they fully equal 
in this respect any of the coralline limeslones of bygone ages. 
Again, we find other limestones — such as the ceJebrated 
" Nummulitic Limestone " {fig. lo), which sometimes attains a 
thickness of some thousands of feet — which are almost entirely 
made up of the shells of Foraminifera. In the case of the 
*' Nummulitic Limestone," just mentioned, these shells are of 
large size, varying from the size of a split pea up to that of a 





n which the shells are very much n 
■fily be seen at all without the microscope. 
' We may, in fact, consider that the great agents in the pro- 
duction of limestones in past ages have been animals belonging 
to the Crinoids, the Corals, and the Farambiifera. At the pre- 
sent day, the Crinoids have bten nearly extingnished, and the 
few known survivors seem to have retired to great depths in 
the ocean ; but the two latter still actively carry on the work 
of lime-making, the former being very largely helped in their 
operations by certain lime producing marine plants {NvUiporcs 
and Corallines). ^Ve have to remember, however, that though 
the limestones, both ancient and modern, that we have just 
spoken of, are truly organic, they are not necessarily formed 
out of the remains of animals which actually lived on the 
precise spot where we now find the limestone itself. We may 
find a crinoidal limestone, which we can show to have been 
actually formed by the successive growth of generations of 
sea-lilies in plate ; but we shall find many others in which the 
rock is made up of innumerable fragments of the skeletons of 
., which have been clearly worn and rubbed by 
the sea-waves, and which have been mechanically transported 
to their present site. In the same way, a limestone maj ' 
;n an actual coral-reef, by the fact that 
ises of coral, growing in their natural p 
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don, and exhibiting plain proofs that they were simply quietly 
buried by the calcareous sediment as they grew; but other 
limestones may contain only numerous rolled and water-worn 
Tragments of corals. This is precisely paralleled by what we 
can observe in our existing coral-reefs. Parts of the modern 
coral-islands and coral-reefs are really made up of corals, dead 
or alive, which actually grew on the spot where we now find 
thera ; but other parts are composed of a limestone-rock 
("coral-rock"), or of a loose sand ("coral-sand"), which is 
organic in the sense that it is composed of lime formed by 
living beings, but which, in truth is composed of fragments 
of the skeletons of these livmg beings mechanically trans- 
ported and heaped together faj the sea. To take another 
example nearer home, we may find great accumulations of 
calcareous matter formed in place b> the growth of shell-fish, ' 
such as oysters or mussels ; but we can ilso find equally great 
accumulations on many of our shores m the form of " shell- 
sand," which is equally composed of the shells of molluscs, but 
which is formed by the trituration of these shells by the 
mechanical power of the sea-waves. We thus see that though 
all these limestones are primarily organic, they not uncom- 
monly become "mechanically-formed" rocks in a secondary 
sense, the materials of which they are composed being formed 
by living beings, but having been mechanically transported to 
the place where we now find them. 

Many limestones, as we have seen, are composed of large 
and conspicuous organic remains, such as strike the eye at 
once. Many others, however, which at first sight apjjear com- 
pact, more or less crystalline, and nearly devoid of traces of 
life, are found, when properly examined, to be also composed 
of the remains of various organisms. All the commoner lime- 
stones, in fact, from the Lower Silurian period onwards, can 
be easily proved to be thus organic rocks, if we investigate 
weathered or polished surfaces with a lens, or, still better, if 
we cut thin slices of the rock and grind these down til! they 
are transparent. When thus examined, the rock is usually 
found to be composed of innumerable entire or fragmentaiy 
fossils, cemented together by a granular or crystalline matrix 
of carbonate of lime (figs, ii and 12). When the matrix is 
granular, the rock is precisely similar to chalk, except that it_ 
is harder and less earthy in texture, whilst the fossils are only 
occasionally referable to the Foraminifera. In other cases, 
the matrix is more or less crystalline, and when this crystallisa- 
tion has been carried to a great extent, the original organic 

iture of the rock may be greatly or completely obscured 




Mre, all trace's of organic remains become annihilated and tlie 
Block becomes completely crystalline throughout This for 
■Xxample is the case with [he ordinar) white statuary marble " 
^^ices of which exhibit under the microscope nothing but an 
a^regite of betutifully transparent crystals of carbonate of 
lime -nithout the smallest traces of fossils There are also 
other cases where the hmestone is not necessarily highly 
crystalline, and where no metamorphic action ui the strict 
sense his taken place in which nevertheless, the microscope 
fails to reveal any evidence that the rock is organic Such 
cases are somewhat obscure and doubtless deiJend on differ- 
ent causes in different instances, b it the\ do not affect the 
important generalisation that limestones are fundamentally the 
product of the operation of hving beings. This fact remains 
certain and when ne consider the vast s iperficial extent 
occupied bv calcareous deposits and the enormous collectiie 
ibicLness of these the mind cannot fail to be impressed with 
the immensity of the period demanded for the formation of 
these by the agency of such humble and often microscopic 
creatures as Corals Sea lilies Forarainifers ind Shell fish 

Amongst the numerous \aneties of limestone a few are of 
such interest as to deser\ e a brief notice Magmstan bmtstone- 
or ^oloHUte, differs from ordinary limestone in containing a cer- 
tain proportion of carbonate of magnesia along with the carbon, 
Me of lime. The typical dolomites contain a hrge proportion of 
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carbonate of magnesia, and are highly crystalline. The ordi- 
naiiy magnesian limestones (such as those of Durham in the 
Permian series, and the Guelph Limestones of North America 
in the Silurian series) are generally of a yellowish, hufif, or 
brown colour, with a crystalline or pearly aspect, effervescing 
with acid much less freely than ordinary limestone, exhibiting 
numerous cavities from which fossils have been dissolved out, 
and often assuming the most varied and singular fonns in con- 
sequence of what is called " concretionary action." Examina- 
tion with the microscope shows that these limestones are 
composed of an aggregate of minute but perfecdy distinct 
crystals, but that minute organisms of different kiiulH, or 
fragments of larger fossils, are often present as well. Other 
magnesian limestones, again, exhibit no striking esternal pecu- 
liarities by which the presence of magnesia would be readily 
recognised, and though the base of the rock is crystalline, they 
are replete with the remains of organised beings. Thus many 
of the magnesian limestones of the Carboniferous series of the 
North of England are very like ordinary limestone to look at, 
though effervescing less freely with acids, and the microscope 
proves them to be charged with the remains of Foraminifera 
and other minute organisms. 

Marbles are of various kinds, all limestones which are suffi- 
ciently hard and compact to take a high pohsh going by this, 
name. Statuary marbl^ and most of the celebrated foreign 
marbles, are " metamorphic " rocks, of a highly crystalline 
nature, and having all traces of their primitive organic struc- 
ture obliterated. Many other marbles, however, differ &om 
ordinary limestone simply in the matter of density. Thus, 
many marbles (such as Derbyshire marble) are simply "cri- 
noidal limestones" (fig. 9); whilst various other British 
marbles exhibit innumerable oi^anic remains under the mi- 
croscope. Black marbles owe their colour to the presence of 
very minute particles of carbonaceous matter, in some cases 
at any rate ; and they may either be metamorphic, or they 
may be charged with minute fossils such as Foraminifera (f.g., 
the black limestones of Ireland, and the black marble of Dent, 
in Yorkshire). 

"Oolitic" limes/ones, or "oolites" as they are often called, 
are of interest both to the paleontologist and geologist. The 
peculiar structure to which they owe their name is that the 
rock is more or less entirely composed of spheroidal or oval 
grains, which vary in size from the head of a small pin or less 
up to the size of a pea, and which may be in almost immediate 
contact with one' another, or may be cemented together by a 



lore or less abundant calcareous matrix. When tite grains 
E pretty nearly spherical and are in tolerably close contact, 
; rock looks very like the roe of a fish, and the name of 
l^oolite " or " egg-stone " is in allusion to this. When llie 
re of the size of peas or npwards, the rock is often 
" Ijisolite " (I^L /ww/n, a pea). Limestones having 
s peculiar structure are especially abundant in the Jurassic 
[iformation, which is often called the "Oolitic series " for this 
n; but essentially similar liniesUines occur not uncom- 
Kinly in the Silurian, Devonian, and Carboniferous forma- 
ms, and, indeed, in almost all rock^roups in which limestones 
e largely developed. Whatever may be the age of the for- 
iiation in which they occur, and whatever may be the size of 
'their component " eggs," the stmcture of oolitic limestones is 
fundanicnially the same. All the ordinary oolitic limestones, 
namely, consist of liulc spherical or ovoid " concretions," as 
they are termed, cemented together by a larger or smaller 
amount of crystalline carlwnate of lime, together, in many 
instances, with numerous organic remains of different kinds 
(fig- 13)- When examined in polished slabs, or in thin sec- 
tions prepared for the micro- 
scope, each of these little con- 
cretions is seen to consist of 
numerous concentric coats of 
carbonate of lime, which some- 
iply surround an ima- 
inary centre, bvit which, more 
eoramonly, have been suc- 
cessively de])osited round 
some foreign body, such as a 
little crystal of quartz, a clus- 
ter of sand grains, or a minute 
shell. In other cases, as in 
some of the beds of the Car- fig- Tj.-siice ..r -K^iiti,: ii,n^«™= 
boniferous limestone in the ^^y,^!}^th;^m^±"iur!'^.^,'^^ "' 
North of England, where the 

limestone is highly "arenaceous," there is a modification of the 
oolitic structure. Microscopic sections of these sandy Jime- 
sEones (fig. 14) show numerous generally angular or oval grains 
of silica or flint, each of which is commonly surrounded by a 
thin coating of carbonate of lime, or sometimes by several sncli 
coats, the whole being cemented together along with the shells 
vS. Foraminifera and other minute fossils bya matrix of crystal- 
* le calcite. As compared with typical oolites, the concretions 
these limestones arc usually much more irregular in shape, 
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fied series, bat it is ; -.-.li * in the 

Laurentian fonnation. and Ic^ :iln;Rii3Ji!;y in some later rack- 
groups, whilst it occQTS abundantly in the form of noddies in 
parts of the Cretaceous (Upper Greeosand) and Tertiary 
deposits Phosphate of lime forms the laigei proportion of 
the eanliy matters of the bones of Vertebrate animals, and also 
occurs in less amount in the skeletons of certain of the Inver- 
tebrates {e.g., Crustacea). It is, indeed, perhaps more dis- 
tinctively than carbonate of lime, an organic compound ; and 
though the fonnation of many tnown deposits of phosphate of 

* Apart from ihe occurr?Dce of phosphale of lime in ictuat beds in the 
*(raliiied rock*, as in the Lnurenlian and Silorian series this sail may also 
occur disieminalcd ihroagh the rock, when il can only be delected hy 
chemical analysis. It is inlerc^ing (o note that Dr Hicks has rccentlf 
proved.tbe occarrence of phos|'hatE uf lime in this dtEscminated forin in 
rock* ai old as Ihe Camhrian, and that in quanlily quite equal to what it 
Dcnerally found to be present in the later fossiliferous ficks. This allbrds 
— ^heDli<^l proof that animal life flotitisheJ abundanlly in Ihe Cambrian 



liine cannot be positively shown to be connected with the 
previous operation of living beings, tliere is room for doubt 
whether this salt is not in reality always primarily a product 
of vital action. The phosphatic nodules of the Upiier Green- 
sand are erroneously called " coprolites," &om the belief 
originally entertained that they were the droppings or fossilised 
excrements of extinct animals ; and though this is not the case, 
there can be little doubt but ihal the phosphate of lime which 
tliey contain is in this instance of organic origin.* It appears, 
in fact, that decaying animal matter has a singular ]iowcr of 
determining the precipitation around it of mineral salts dis- 
solved in water. Thus, when any animal bodies are undergo- 
ing decay at the bottom of the sea, they have a tendency to 
cause the precipitation from the surrounding water of any 
mineral matters which may be dissolved in it ; and the organic 
body thus becomes a centre round which the mineral matters 
in question are deposited in the form of a "concretion" or 
" nodule." The phosphatic nodules in question were formed 
in a sea in which phosphate of lime, derived from the destruc- 
tion of animal skeletons, was held largely in solution ; and a 
precipitation of it took place round any body, such as a decay- 
ing animal substance, which happened to be lying on the sea- 
bottom, and which offered itself as a favourable nucleus. In 
the same way we may explain the formation of the calcareous 
nodules, known as "septaria" or "cement stones," which 
occur so commonly in the London Clay and Kinimeridge 
Clay, and in which the principal ingredient is carbonate of 
lime. A similar origin is to be ascribed to the nodules of 
clay iron-stone (impure carbonate of iron) which occur so 
abundantly in the shales of the Carboniferous series and in 
other argillaceous deposits; and a parallel modern example is 
to be found in the nodules of manganese, which were found 
by Sir Wyville Thomson, in the Challenger, to be so numer- 
ously scattered over the floor of the Pacific at great depths. 
In accordance with this mode of origin, it is exceedingly 
common to find in the centre of all these nodules, both old 
and new, some organic body, such as a bone, a shell, or a 
tooth, which acted as the original nucleus of precipitation, and 

" II has been maintHined, indeed, thai the pli05phalic nodules so largely 
worked for agricullural purposes, are in themselves actual organic bodies 
or true fossils. In a few cases (his admits of demon si ralioo, as it can be 
shown that the nodule is simply an oi^nism (such as a sponge) inEltntted 
with phosphate of lime (Sollas) ; but there are many other cases in which 
no actual structure has yet been shown to exist, and as to the true origin 
of which it would be hazardous to offer a positii 
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s thus preserved in a, shroud of mineral matter. Many 
noduies, it is true, show no such nucleus ; but it has been 
affirmed that all of them can be shown, by appropriate 
microscopical investigation, to have been formed round an 
original organic body to begin with (Hawkins Johnson). 

The last lime-sail which need be mentioned is gypnim, or 
sulphate of lime. This substance, apart from other modes of 
occurrence, is not uncommonly found interstratified with the 
ordinary sedimentary rocks, in the form of more or less irregu- 
lar beds ; and in tliese cases it has a palaeontological import- 
ance, as occasionally yielding well-preserved fossils. Whilst 
its exact mode of origin is uncertain, it cannot be regarded as 
in itself an organic rock, though clearly the product of chemical 
action. To look at, it is usually a whitish or yellowish-white 
rock, as coarsely crystalline as loaf-sugar, or more so; and the 
microscope shows it to be composed entirely of crystals cf 
sulphate of Hme. 

We have seen that the calcareous or lime-containing rocks 
are the most important of the group of organic deposits; whilst 
the siliceous OT flint-containing rocks maybe regarded as the 
most important, most typical, and most generally distributed 
of the mechanically-formed rocks. We have, however, now 
briefly to consider certain deposits which are more or less 
completely formed of flint ; but which; nevertheless, are essen- 
tially organic in their origin. 

Flint or silex, hard and intractable as it is, is nevertheless 
capable of solution in water to a certain extent, and even of 
assuming, under certain circumstances, a gelatinous or viscous 
condition. Hence, some hot - springs are impregnated with 
silica to a considerable extent ; it is present in small quantity 
in sea-water; and there is reason to believe that a minute pro- 
portion must very generally be present in all bodies of fresh 
water as well. It is from tliis silica dissolved in the water that 
many animals and some plants are enabled to construct for 
themselves flinty skeletons; and we find that these animals and 
plants are and have been sufficiently numerous to give rise to 
very considerable deposits of siliceous matter by the mere 
accumulation of their skeletons. Amongst the animals which 
require special mention in this connection are the microscopic 
organisms which are kno«'n to the naturalist as Polycystitta. 
These little creatures are of the lowest possible grade of organ- 
isation, very closely related to the animals which we have pre- 
viously spoken of as Foraminifera, but differing in the fact that 
they secrete a shell or skeleton composed of flint instead of 
lime. The Polycystina occur .abundantly in our present seas ; 



Jtnil their shells are present in some numbers in ihe ooze which 
1 found at great depths in the Atlantic and Pacific oceans, 
wing easily recognised by their exquisite shape, their glassy 
" insparency, the general presence of longer or shorter spines, 
(nd the sieve-like perforations in the walls. Both in Barbadoes 
pid in the Nicobar islands occur geological formations which 

: composed of the flinty skeletons of these microscopic 
ttiimals; the deposit in the former locality attaining a great 
hickness, and having been long known to workers with the 
fcicroscope under Ihe name of" Barbadoes earth" (fig. 15), 

' 1 addition to flint - producing animals, we have also the 
t group of fresh -water and marine microscopic plants 



7ri™ fron, Fig. ,1 



k] nuth/' highly magiii' 



Kaown as Diatoms, which likewise secrete a siliceous skeleton, 
iften of great beauty. The skeletons of Diatoms are found 
^undanlly at the present day in lake-deposits, guano, the silt 
'f estuaries, and in the mud which covers many parts of the 
a-bottora ; they have been detected in strata of great agej 
'n spite of their microscopic dimensions, they have not un- 
mmonly accumulated to forna deposits of great thickness, 
1 of considerable superficial extent. Thus the celebrated 
fcposit of "tripoli" (" Polir-schiefer") of Bohemia, largely 
™-ked as polishing-powder, is composed wholly, or almost 
^olly, of the flinty cases of Diatoms, of which it is calculated 
lat no less than forty-one thousand millions go to make up a 
single cubic inch of the stone. Another celebrated deposit is 
the so-called "Infusorial earth" of Richmond in Virginia, 
_'where there is a stratum in places thirty feet thick, composed 
;ntirely of the microscopic shells of Diatoms, 
f Nodules or layers oi flint, or the impure variety of flint 
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known as cheri, are found in limestones of almost all ages from 
the Silurian upwards ; but they are especially abundant in the 
chalk. When these flints are examined in thin and Irans^ 
parent slices under the microscope, or in polished sections, 
they are found to contain an abundance of minute organic 
bodies — such as Foraminifera, sponge-spicules, &c. —embedded 
in a siliceous * basis. In many instances the flint contains 
larger organisms— such as a Sponge or a Sea-tirchin. As the 
flint has completely surrounded and infiltrated the fossils which 
it contains, it is obvious that it must have been deposited from 
sea-water in a gelatinous condition, and subsequently have 
hardened. That silica is capable of assuming this viscous and 
soluble condition is known ; and the formation of flint may 
therefore be regarded as due to the separation of silica from 
the sea-water and its deposition round some organic body in a 
stale of chemical change or decay, just as nodules of phos- 
phate of lime or carbonate of iron are produced. The exist- 
ence of numerous organic bodies in flint has long been known; 
but it should be added that a recent observer (Mr Hawkins 
Johnson) asserts that the existence of an organic structure can 
be demonstrated by suitable methods of treatment, even in the 
actual matrix or basis of the flint* 

In addition to deposits formed of flint itself, there are other 
siliceous deposits formed by certain siikates, and also of 
organic origin. It has been shown, namely — 'Oy observations 
carried out in our present seas — that the shells o{ Foraminifera 
are liable to become completely infiltrated by silicates (such 
as "glauconite," or silicate of iron and potash). Should the 
actual calcareous shell become dissolved away subsequent to 
this infiltration — as is also liable to occur— then, in place of 
the shells of the Foraminifera, we get a corresponding number 
of green sandy grains of glauconite, each grain being the cast 
of a single shell. It has thus been shown that the green sand 
found covering the sea-bottom in certain localities (as found 
by the Challenger expedition along the Sine of tlie AguJhas 
current) is really organic, and is composed of casts of the 
shells of Foraminifera. Long before these observations had 
been made, it had been shown by Professor Ehrenbet^ that 
the green sands of various geological formations are composed 
mainly of the internal casts of the shells oi Foraminifera ; and 

* It has been asserted thai the flints of the chalk are merely fossil 
sponges. No explanation of the origin of flint, however, can be satisfac- 
tory, unless it embraces the origin of chert in almost all great limestones 
from the Silurian upwards, as well ns the common phenomenon of the 
silicifi cation of orgiuiic bodies (such as corals and shells) which aie known 
with certainly to have been originally calcareous. 
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have tliiis another and a very interesting example how rot^k- 
leposits of considerable extent and of geological imporlanre 
.n be built up by the operation of the minutest living beings. 
As regards argillaceaus deposits, containing alumina or diiy 
their essential ingredient, it cannot be said that any of 
lese have been actually shown to be of organic origin. A 
Cecent observation by Sir VVyville Thomson would, however, 
t not improbable that some of the great argillaceous 
:uinulations of past geological periods may be really organic, 
distinguished observer, during the cruise of the Chal- 
lenger, showed that the calcareous ooee which has be^n 
already spoken of as covering large areas of the floor of the 
Atlantic and Pacific at great depths, and which consists almost 
wholly of the shells of Forammifera, gave place at stiil greater 
depths to a red ooze consisting of impalpable clayey mud, 
coloured by oxide of iron, and devoid of traces of organic 
bodies. As the existence of this widely -diffused red ooze, in 
mid-ocean, and at such great depths, cannot be explained on 
the supposition that it is a sediment brought down into the 
sea by rivers, Sir VVyville Thomson came to the conclusion 
that it was probably formed by the action of the sea-water 
upon the shells of Foramini/era. These shells, though mainly 
consisting of hme,also contain acertain proportion of alumina, 
the former being soluble in the carbonic acid dissolved in the 
■water, whilst the latter is insoluble. There would further 
.ppear to be grounds for believing that the solvent i>ower of 
water over lime is considerably increased at great 
depths. If, therefore, we suppose the shells of Foraminifcra 
to be in course of deposition over the floor of the Pacific, at 
certain depths they would remain unchanged, and would ac- 
comulate to form a calcareous ooze; but at greater depths they 
would be acted upon by the water, their lime would be dis- 
solved out, their form would disappear, and we should simply 
have left the small amount of alumina which they previously 
contained. In process of time this alumina would accumulate 
to form a bed of clay; and as this clay had been directly 
lerived from the decomposition of the shells of animals, it 
rould be fairly entitled to be considered an organic deposit. 
. .'hough not finally established, the hypothesis of Sir Wyville 
'*rhomson on this subject is of the greatest interest to the pale- 
ontologist, as possibly serving to explain the occurrence, espe- 
cially in the oilier formations, of great deposits of argillaceous 
matter which are entirely destitute of traces of life. 

emains, in this connection, to shortly consider the 
its in which carbon is found to be present in greater 
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or less quantity. In the great majority of cases wliere rocks 
are found to contain carbon or carbonaceous matter, it can be 
stated with certainty that this substance is of organic origin, 
though it is not necessarily derived from vegetables. Carbon 
derived from the decomposition of animal bodies is not uncom- 
mon ; though it never occurs in such quantity from this source 
as it may do when it is derived from plants. Thus, maiiy 
limestones are more or less highly bituminous ; the celebrated 
siliceous flags or so-called " bituminous schists " of Caithness 
are impregnated with oily matter apparently derived from the 
decomposition of the numerous fishes embedded in them ; 
Silurian shales containing Graptolitts, but destitute of plants, 
are not uncommonly "anthracitic," and contain a small per- 
centage of carbon derived from the decay of these zoophytes ; 
whilst the petroleum so largely worked in North America has 
not unprobably an animal origin. That the fatty compounds 
present in animal bodies should more or less extensively im- 
pregnate fossiliferous rock-masses, is only what might be ex- 
pected ; but the great bulk of the carbon which exists stored 
up in the earth's crust is derived from plants ; and the form in 
which it principally presents itself is that of coal. We shall 
have to speak again, and at greater length, of coal, and it is 
sufficient to say here that all the true coals, anthracites, anil 
lignites, are of organic origin, and consist principally of the 
remains of plants in a more or less altered condition. The 
bituminous shales which are found so commonly associated 
with beds of coal also derive their carbon primarily from 
plants; and the same is certainly, or probably, the case with 
similar shales which are known to occur in fonnations younger 
than the Carboniferous. I,ast!y, carbon may occur as a con- 
.ipicnous constituent of rock-masses in the form of graphite or 
bl-ick-leaii. In this form, it occurs in the shape of detached 
scales, of veins or strings, or sometimes of regular layers;* 
and there can be little doubt that in many instances it has 
an oi^anic origin, though this is not capable of direct proof. 
When present, at any rate, in quantity, and in the form of layers 
associated with stratified rocks, as is often the case in the l.an- 
rentian fonnation, tiiere can be little hesitation in regarding it 
as of vegetable origin, and as an ahered coal. 

* In the Huronian fomintion at Sleel Riier. on Ihe nnrtb slinre of Lalie 
Snperior, there exists a bed of carbonHceous maltcr which iii regularly in- 
terslratified with the surrounding rorks. and has a Ihickness or from 30 la 
40 feet. This bed is shown by chemical analysis tn conlain about 50 per 
cent of carbon, 7>artly in the form of graphite, partly in (he form of anthra- 
ciie; and there can be litile doubt but that ii is really a '" 
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The physical geologist, who deals with rocks siinjjly as toiI;s, 
' who does not necessarily trouhle himself about what fossils 
aiey may conlain, tinds that the stratified dejiosils which form 
I large a portion of the visible pan of the earth's cnist are 
frttot promiscuously heaped logelher, but that they have a cer- 
tain definite arrangement. In Ciich country that he examines, 
he finds that certain groups of strata lie above certain other 
groups ; and in comparing different countries with one another, 
he finds that, in the main, the same groups of rocks are always 
found in the same relative position to each other. It is pos- 
sible, therefore, for the physical geologist to arrange llie known 
stratified rocks into a successive series of groups, or " forma- 

»tions," having a certain definite order. The establishment of 
this physical order amongst the rocks introduces, however, at 
once the element of time, and the physical succession of the 
Strata can be converted directly into a historical or ckronoiogi- 
cal succession. This is obvious, when we reflect that any bed 
or set of beds of sedimentary origin is clearly and necessarily 
younger than all the strata upon which it rests, and older than 
all those by which it is surmounted. 

It is possible, then, by an appeal to the rocks alone, to de- 
termine in each country the general physical Siccession of the 
strata, and this " stratigraphical " arrangement, when once de- 
termined, gives us the relative ages of the successive groups. 
The task, however, of the physical geologist in this matter is 
immensely lightened when he calls in palaeontology to his aid, 
and studies the evidence of the fossils embedded in the rucks. 
Not only is it thns much easier to determine the order of suc- 
cession of the strata in any given region, but it becomes now 
for the first time possible to compare, with certainty and pre- 
cision, the order of succession in one region with that which 
exists in other regions far distant. The value of fossils as tests 
of the relative ages of the sedimentary rocks depends on the 
feet that they are not indefinitely or promiscuously scattered 
through the crust of the Arth, — as it is conceivable that they 
might be. On the contrary, the first and most firmly estab- 
lished law of PalEeontolojij' is, that partiaihr kiii/is of fossils 



are confined to particular rocks, and particular groups of fam 
are confined to particular groups of rocks. Fossils, thet 
distinctive of the rocks in which they are found— much more ■" 
distinctive, in fact, than the mere mineral character of the rock 
can be, for that commonly changes as a formation is traced 
from one region to another, whilst the fossils remain unaltered. 
It would therefore be quite possible for the palfeontologisr, 
by an appeal to the fossils alone, to arrange the series of sedi- 
mentary deposits into a pile of strata having a certain definite 
. order. Not only would this be possible, but it would be found 
— if sufficient knowledge had been brought to bear on both 
sides — that the palsontological arrangement of the strata would 
coincide in its details with the straiigraphical or physical 
arrangement. 

Happily for science, there is no such division between the 
palieontologist and the physical geologist as here supposed; 
hut by the combined researches of the two, it has been found 
possible to divide the entire series of stratified deposits into a 
number of definite rock-groups or formations, which have a 
recognised order of succession, and each of which is charac- 
terised by possessing an assemblage of organic remains which 
do not occur in association in any other formation. Such an 
assemblage of fossils, characteristic of any given formation, re- 
presents the life of the particular period in which the formation 
was deposited. In this way the past history of the earth 
becomes divided into a series of successive life-periods, each of 
which corresponds with the deposition of a particular forma- 
tion or group of strata. 

Whilst particular assemblages of organic forms characterise 
particular groups of rocks, it may be further said that, in a 
general way, each subdivision of each formation has its own 
peculiar fossils, by which it may be recognised by a skilled 
worker in Palieontology. Whenever, for instance, we meet 
with examples of the fossils which are known as Graptolites, we 
may be sure that we are dealing with Silurian rocks {leaving 
out of sight one or two forms doubtfully referred to this family). 
We may, however, go much farther than this with perfect 
safety. If the Graptolites belong to certain genera, we may 
be quite certain that we are dealing with Lower Silurian rocks. 
Furthermore, if certain special forms are present, we may be 
even able to say to what exact subdivision of the Lower Silu- 
rian series they belong. 

As regards particular fossils, however, or even particular 
classes of fossils, conclusions of this nature require to he accom- 
panied by a tacit but well understood reservation. So far as 



r present observation goes, none of the undoubted Grapto- 
Ktes have ever been discovered in rocks later ihan those known 
Bpon oUier grounds to be Silurian ; but it is possible that they 
Blight at any time be detected in younger dejiosiis. Similarly, 
" e specie and genera which we nttw regard as characteristic 
f the Lower Silurian, may at some future time be found to 
riiave survived into the Upper Silurian period. We should not 
[ forget, therefore, in determining the age of strata by palaeonto- 
' logical ei-idence, that we are always reasoning upon gencralisa- 
^.tions which are the result of experience alone, and which are 
table to be vitiated by further and additional discoveries. 
AVhen the palseontolt^ical evidence as to the age of any 
Fgiven set of strata is corroborated by the physical evidence, our 
conclusions may be regarded as almost certain ; but there are 
certain limitations and fallacies in the paisontoiogical method 
of inquiry which deserve a passing mention. In the first 
place, fossils are not always present in the stratified rocks; 
many aqueous rocks are unfossiliferoiis, throngh a thickness oE 
hundreds or even thousands of feet of little-altered sediments; 
and even amongst beds which do contain fossils, we often meet 
with strata of many feet or yards in thickness which are wholly 
destitute of any traces of fossils. There are, therefore, to 
begin with, many cases in which there is no pateontological 
evidence extant or available as to the age of a given group 
of strata. In the second place, palaeonlological observers in 
different parts of the world are liable to give different names 
to the same fossil, and in all parts of the worid they are occa- 
sionally liable to group together different fossils under the 
same title. Both these sources of fallacy require to be guarded 
against in reasoning as to the age of strata from their fossil 
remains. Thirdly, the mere fact of fossils being found in beds 
which are known by physical evidence to be of different ages, 
has commonly led paleontologists to describe them as dif- 
ferent species. Thus, the same fossil, occurring in successive 
groups of strata, and with the merely trivial and varietal differ- 
ences due to the gradual change in its environment, has been 
repeatedly described as a distinct species, with a distinct 
name, in every bed in which it was found. We know, however, 
that many fossils range vertically through many groups of strata, 
and there are some which even pass through several forma- 
tions. The mere fact of a difference of physical position 
ought never to he taken into account at all in considering and 
determining the true affinities of a fossil. Fourthly, the 
results of experience, itistead of being an assistance, are some- 
times liable to operate as a source of error. When once. 



namely, a generalisation has been established that ( 
fossils occur in strata of a certaio age, palEeontologisia are apj 
to infer that all beds comaining similar fossils must be of the ' 
same age. There is a presumption, of course, that this infer- 
ence would be correct ; but it is not a conclusion resting upon 
absolute necessity, and there might be physical evidence to 
disprove it Fifthly, the physical geologist may lead the palae- 
ontologist astray by asserting that the physical evidence as to 
tlie age and position of a given group of beds is clear and un- 
equivocal, when such evidence may be, in reality, very slight 
and doubtful. In this way, the observer may be readily led 
into wrong conclusions as to the nature of the organic remains 
— often obscure and fragnietilary — which it is his business to 
examine, or he may be led erroueously to think, that previous 
generalisations as to the age of certain kinds of fossils are 
premature and incorrect. Lastly, there are cases iti which, 
owing to the limited exposure of the beds, to their being 
merely of local development, or to other causes, the physical 
evidence as to the age of a given group of strata may be en- 
tirely uncertain and unreliable, and in which, therefore, the 
observer has to rely wholly upon the fossils which he may 
meet with. 

In spite of the above limitations and fallacies, there can be 
no doubt as to ihe enormous value of pala;ontology in enab- 
ling us to work out the historical succession of the sedimentary 
rocks. It may even be said that in any case where there 
should appear to be a clear and decisive discordance between 
the physical and tlie palseon to logical evidence as to the age 
of a given series of beds, it is the former that is to be distrusted 
rather than the latter. The records of geological science con- 
lain not a few cases in which apparently clear physical evi- 
dence of superposition has been demonstrated to have been 
v?rong!y interpreted ; but the evidence of paleontology, when 
in any way sufficient, has rarely been upset by subsequent 
investigations. Should we find strata containing plants of the 
Coal-measures apparently resting upon other strata with Am- 
monites and Belemuites, we may be sure that the physical 
evidence is delusive ; and though the above is an extreme case, 
the presumption in all such instances is rather that the physical 
succession has been misunderstood or misconstrued, than that 
there has been a subversion of the recognised succession of 
life-forms. 

We have seen, then, that as the collective result of observa- 
tions made upon the superposition of rocks in different locali- 
ties, from theit mineral characters, and from their included 
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Fossils, geologists have been able to divide the eniire stratified 
series into a number of different divisions or formations, each 
characterised by a general uniformity of mineral composition, 
and by a special and peculiar assemblagt of organic forms. 
Each of these primary groups is in turn divided into a series of 
smaller divisions, characterised and distinguished in the same 
way. It is not pretended for a moment that all these primary 
rock^roups can anywhere be seen surmounting one another, 
regularly.* There is no region upon the earth where all 
the stratified formations can be seen together; and, even 
when most of them occur in the same countrj-, they can 
nowhere be seen all succeediiig each otlicr in their regular and 
iminterrupted succession. The reason of this is obvious. 
There are many places — to take a single example — where one 
may see the the Silurian rocks, the Devonian, and the Carboi'- 
iferous rocks succeeding one another regularly, and in their 
proper order. This is because the particular region where this 
occurs was always submerged beneath the sea while these for- 
mations were being deposited. There are, however, many 
more localities in which one would find the Carboniferous 
rocks resting unconformably upon the Silurians without the 
intervention of any strata which could be referred to the 
Devonian period. This might arise from one of two causes ; 
I. The Silurians might have been elevated above the sea im- 
mediately after their deposition, so as to form dry land during 
the whole of the Devonian period, in which case, of course, 
no strata of the latter age could possibly be deposited in that 
area. a. The Devonian might have been deposited upon the 
Silurian, and then the whole might have been elevated above 
the sea, and subjected to an amount of denudation sufficient to 
remove the Devonian strata entirely. In this case, when the 
land was again submerged, the Carboniferous rocks, or any 
younger formation, might be deposited directly upon Silurian 
strata. From one or other of these causes, then, or from subse- 
quent disturbances and denudations, it happens that we can 
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Ihe fonnalioiis can ever have had x giealer geographical extent t 
the seas oflhe period in which the formaiion W9S deposited. Noti 
Teasan for thinking that the proponion of diy land to ocean haj 
materially diBerenl to what it \i at present, however greatly ihe a 
flnd land may have changed as regards Iheir place. It Tallows from 
that there is no sufTicient basis for the view thai llie crust of Ihe e; 



rarely find many of the primary formations following one 
' another consecutively and in their regular order. 

In no case, however, do we ever find the Devonian resting 
upon the Carboniferous, or the Silurian rocks repiosing on the 
Devonian. We have therefore, by a comparison of many 
different areas, an established order of succession of the strati- 
fied formations, as shown in the subjoined ideal section of the 
crust of the earth (fig. 17). 

The main subdivisions of the stratified rocks are known by 
the following names : — 

I. Laurentian. 
a. Cambrian (with Hi 
. Silurian. 

. Devonian or Old Red Sandstone. 
5. Carboniferous. 

?: ?ri™"}Ne« Red Sandstone.. 

8. Jurassic or Oolitic. 

9. Cretaceous. 

. Miocene. 

. Pliocene. 

13. Post-tertiary. 




Of these primary rock divisions, the Laurenliaii, Cambrian, 
Silurian, Devonian, Carboniferous, and Permian are collec- 
tively grouped together under the name of the Primary or 
PaliEozoie rocks (fir. palaios, ancient; zee, life). Not only do 
they constitute the oldest stratified accumulations, but from 
the extreme divei^ence between their animals and plants and 
those now in existence, they may appropriately be considered 
as belonging to an "Old-Life" period of the world's history. 
The Triassic, Jurassic, and Cretaceous systems are grou])ed to- 
gether as the Secondary or Mfsozoic formations (Gr, mesos, inter- 
mediate ; toe, life) ; the o^^anic rennains of this " Middle- Life " 
period being, on the whole, intermediate in their characters 
between those of the palieozoic epoch and those of more 
modern strata. Lastly, the Eocene, Miocene, and Pliocene 
formations are grouped together as the Tert'taty or Kainozok 
rocks (Gr. kainos, new; zee, life); because they constitute a 
" New-Life " period, in which the organic remains approximate 
in character to those now existing upon the globe. The so- 
called Post-Tertiary deposils are placed wiih the Kainozoic, or 
may be considered as forming a separate Quaternary system. 
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The term " contemporaneous " is usually applied by geolo- 
gists to groups of strata in different regions which contain the 
same fossils, or an assemblage of fossils in which many iden- 
tical forms are present. That is to say, beds which contain 
identical, or nearly identical, fossils, however widely separated 
they may be from one another in point of actual distance, are 
ordinarily believed to have been deposited during the same 
period of the earth's history. This belief, indeed, constitutes 
the keystone of the enrire system of determining the age of 
strata by their fossil contents ; and if we take the word " con- 
temporaneous " in a general and strictly geological sense, this 
belief can be accepted as proved beyond denial. We must, 
however, guard ourselves against too literal an interpretation 
of the word "contemporaneous," and we must bear in mind 
the enormously- prolonged periods of time with which the 

"■logist has to deal. When we say that two groups of strata 




I 



different regions are "conlemporaneous," we simply mean 
lat they were formed during the same geological period, and 
haps at different stages of that period, and we do oot mean to 
imply that ihey were formed at precisely the same instant of lime, 
nent's consideration will show us thai it is only in the 
Tiner sense that we can properly speak of sirala being '■ con- 
:mporaneous;" and that, in point of fact, beds containing 
iihe same fossils, if occurring iii widely distant areas, can hardly 
" contemporaneous " in any literal sense ; but that the very 
Lidentity of iheir fossils is proof that they were deposited one 
":er the other. If we find strata containing identical fossils 
[-within the limits of a single geograjihical region — say in Europe 
—then there is a reasonable probability that these beds are 
itrictly contemporaneous, in the sense that they were deposited 
at the same time. There is a reasonable probability of this, 
because there is no improbability involved in the idea of an 
ocean occupying the whole area of Europe, and peopled 
throughout by many of ihe same species of marine animals. At 
the present day, for example, miiny identical species of animals 
are found living on the western coasts of Britain and the 
eastern coasts of North America, and beds now in course of 
deposition off the shores of Ireland and the seaboard of the 
state of New York would necessarily contain many of the 
same fossils. Such beds would be both literally and geologi- 
cally contemporaneous; but the case is different if the distance 
between the areas where the strala occur be greatly increased. 
We find, for example, beds containing identical fossils (the 
Quebec or Skiddaw beds) in Sweden, in the north of England, 
in Canada, and in Australia, Now, if all these beds were con- 
temporaneous, in the literal sense of the term, we should have 
to suppose that the ocean at one time extended uninterrup- 
tedly between all these points, and was peopled throughout 
the vast area thus indicated by many of the same animals. 
Nothing, however, that we see at the present day would justify 
us in imagining an ocean of such enormous extent, and at the 
same time so uniform in its depth, temperature, and other 
conditions of marine life, as to allow the same animals to 
flourish in it from end to end; and the example chosen is 
only one of a long and ever-recurring series. It is therefore 
much more reasonable to explain this, and all similar cases, as 
owing to the migration of the fauna, in whole or in part, from 
one marine area to another. Thus, we may suppose an ocean 
to cover what is now the Eiu'opean area, and to be peopled by 
certain species of animals. Beds of sediment — clay, sands, 
and limestones — will be deposited over the sea-bottom, an)' 
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will entomb the remains of the animals as fossils. After this 
has lasted for a certain length of lime, the European area may 
undergo elgvation, or may become otherwise unsuitable for the 
perpetuation of its fauna j the result of which would be that 
some or all of the marine animals of the area would migrate to 
some more suitable region. Sediments would then be accumu- 
lated in the new area to which they had betaken themselves, 
and they would then appear, for the second time, as fossils in 
a set of beds widely separated from Europe. Tlie second set 
of beds would, however, obviously not be strictly or literally 
contemporaneous with the first, but would be separated from 
them by the period of time required for the migration of the 
animals ftom the one area into the other. It is only in a wide 
and comprehensive sense that such strata can be said to be 
con tem poran eou s. 

It is impossible to enter further into this subject here ; but 
it may be taken as 'certain that beds in widely remote geogra- 
phical areas can only come to contain the same fossils by 
reason of a migration having mken place of the animals oi 
the one area to the other. That such migrations can and do 
take place is quite certain, and this is a much more reasonable 
explanation of the observed facts than the hypothesis that in 
former periods the conditions of life were much more uniform 
than they are at present, and that, consequently, the same 
organisms were able to range over the entire globe at the same 
time. It need only be added, that taking the evidence of the 
present as explaining the phenomena of the past— the only 
safe method of reasoning in geological matters — we have 
abundant proof that deposits which are actually contempo- 
raneous, in the strict sense of the term, do not contain the same 
fossils, if far removed from one another in point of distance. 
Thus, deposits of various kinds are now in process of forma- 
tion in our existing seas, as, for example, in the Arctic Ocean, 
the Atlantic, and the Pacific, and many of these deposits arc 
known to us by actual examination and observation with the 
sounding-lead and dredge. But it is hardly necessary to add 
that the animal remains contained in these deposits — the 
fossils of some future period — instead of being identical, are 
widely different from one another in their characters. 

We have seen, then, that the entire stratified series is capable 
of subdivision into a number of definite rock-groups or "forma- 
tions," each possessing a peculiar and characteristic assem- 
blage of fossils, representing the " life " of the " period " in 
which the formation was deposited- We have still to inquire 
shortly how it came to pass that two successive formations 
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\ouhi thus be broadly dislingiiished by llicir life ron 
why they should not rather possess at any rate a iiuj 
identical fossils. It was originally supposed thai llitti i- 
explained by the hypothesis thai the close of eat:h formaiion 
was accompanied by a general destruction of all the living 
beings of the period, and that the commencement of each 
I new formation was sign.-ili'ied by the creation of a number of 
E't>rand-new organisms, destined to figure as the churjct eristic 
pfossils of the same. This theory, however, igniires the fact 
I that each formation— as to which we have any sutficieni 
evidence— com ains a few, at least, of the life-forms which 
existed in the preceding period; and it invokes forces and 
processes of which we know nothing, and for the supposed 
action of which we cannot acroinil- The problem is an un- 
deniably difficult one, and it will not be possible here to give 
more than a mere outline of the modern views upon the sub- 
ject. Without entering into the at |>resent inscrutable question 
as to the manner in which new life forms arc introduced upon 
the earth, it may be stated that almost all modern geologists 
hold that the living beings of any given formation are in the 
main modifieti forms of others which have preceded them, ft 

^is not believed that any general or universal destruction of 
life took place at the termination of each geological [jeriod, or 
(bat a gencril introduction of new forms took place at the 
Commencement of a new period. It Is, on the contrary, 
believed that the animals and plants of any given period are 
for the most part (or exclusively) the lineal but modified 
descendants of the animals and plants of the immediately pre- 
ceding period, and that some of them, at any rate, are con- 
tinued into the next succeeding period, either unchanged, or 
so far altered as to appear as new species. To discuss these 
views in detail would lead us altogether too far. but there is 
me very obvious consideratioii which may advantageously 
eceive some altentiju. It is obvious, namely, that the great 
liscordance which is foimd to suhsist between the animal 
life of any given formation and that of the next succeeding 
formation, and which no one denies, would be a fatal blow to 
the views Jus: alluded to, unless admitting of some satisfactory 
explanation. Nor is this discordance one purely oflife-forms, 
for there is often a physii:al break in the successions of struia 
well. Let U-! therefore briefly consider how far these 
iterruptions and breaks in the geological and palEeonto- 
logica! record can be accounted for, and still allow us to 
'lelieve in some theory of continuity as opposed to the doc- 
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In the first place, it is perfectly clear that if we acimit the 
conception above mentioned of a continuity of life from the 
Laurentian period to the present day, we could never prm'e 
our view to be correct, unless we could produce in evidence 
fossil examples of a// the kinds of animals and plants that 
have lived and died during that period. In order to do this, 
we should re<)uire, to begin with, to have access to an aheo- 
kitely unbroken and perfect succession of all the deposits 
which have ever been laid down since the beginning. If, 
however, we ask the physical geologist if he is in possession 
of any such uninterrupted series, he will at once answer in the 
negative. So far from the geological series being a perfect one, 
it is interrupted by numerous gaps of unknown lengtii, many 
of which we can never expect to fill up. Nor are the proofs 
of this far to seek. Apart from the facts that we have hitherto 
examined only a limited portion of the dry land, that nearly 
two-thirds of tlie entire area of the globe is inaccessible to 
geological investigation in consequence of its being covered 
by the sea, that many deposits can be shown to have been 
more or less completely destroyed subsequent to their depo- 
sition, and that there may be many areas in which living beings 
exist where no rock is in process of formation, we have the broad 
fact that rock- deposition only goes on to any extent in water, 
and that the earth must have always consisted partly of dry 
land and partly of water — at any rate, so far as any period of 
which we have geological knowledge is concerned. There 
must, therefore, always have existed, at some part or another 
of the earth's surface, areas where no deposition of rock w;is 
going on, and the proof of this is to be found in the well- 
known phenomenon of "unco/i/ormndi/iiy." Whenever, namely, 
deposition of sediment is continuously going on within the 
limits of a single ocean, the beds which are laid down succeed 
one another in uninterrupted and regular sequence. Such 
beds are said to be '■ conformable," and there are many rock- 
groups known where one may pass through fifteen or twenty 
thousand feet of strata without a break — indicating, that the 
beds had been deposited in an area which remained continu- 
ously covered by the sea. On the other hand, we commonly 
find that there is no such regular succession when we pass 
from one great formation to anotlier, but that, on the contrary, 
the younger formation rests " uncon form ably," as it is called, 
either upon the formation immediately preceding it in point of 
time, or upon some still older one. The essential physical 
feature of this unconformability is that the beds of the younger 
formation rest upon a worn and eroded surface formed by the 




Bie possibility of misconception, that there was an interval 
(etween the deposition of the older series and that of the 
^wer series of strata ; and that during this interval the older 
; raised above tiie sea-level, so as to form dry land, 
ind were subsequently depressed again beneath the waters, to 
•ceive upon their worn and wasted upper surface the sedi- 
s of the later group. During the interval thus indicated, 
the deposition of rock must of necessity have been proceeding 
more or less actively in other areas. Every unconformity, 
therefore, indicates that at the spot where it occurs, a more or 
less extensive series of beds must be actually missing; and 
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even in a partial manner. 
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e that the series of stratified deposits 
IS to a greater or less extent irremediably imperfect; and in 
this imperfection we have one great cause why we can never 
obtain a perfect series of all the animals and plants that have 
lived upon the globe. Wherever one of these great physical 
gaps occurs, we find, as we niiglit expect, a corresponding 
break in the series of life-forms. In other words, whenever we 
find two formations to be unconformable, we shall always find 
at the same time that there is a great difference in their fossils, 
and that many of the fossils of the older formation do not sur- 
"■' into the newer, whilst many of those in the newer ai 

n to occur in the older. The cause of this is, obviouslj^ 
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thai the lapse of time, indicated by the iniconforinability, has 
been sufficiently great to allow of the dying out or modifica- 
tion of many of the older forms of life, and the introduction of 
new ones by immigration. 

Apart, however, altogether, from these great physical breaks 
and their corresponding breaks in life, there are other reasons 
why we can never become more than partially acquainted with 
the former denizens of the globe. Foremost amongiit these is 
the fact that an enormous number of animals possess no hard 
parts of the nature of a skeleton, an<l are therefore incapable, 
imder any ordinary circumstances, of leaving behind them any 
traces of their existence. It is inie that there are cases in 
which animals-in themselves completely soft-bodied are never- 
theless able to leave marks by which their former presence can 
be detected. Thus every geologist is familiar with the wind- 
ing and twisting " trails" formed on the surface of the strata 
by sea-worms; and the impressions left by the stranded 
carcases of Jelly-fishes on the fine-grained lithographic slates 
of Solenhifen supply us with an example of how a creature 
which is little more than, "organised sea-water" may slill 
make an abiding mark upon the sands of time. As a general 
rule, however, animals which have no skeletons are incapable 
of being preserved as fossils, and hence there must always 
have been a vast number of different kinds of marine animals 
of which we have absolutely no record whatever. Again, 
almost all the fossiliferous rocks have been laid down in water; 
and it is a necessary result of this that the great majority of 
fossils are ihe remains of aquatic animals. The remains of 
air-breathing animals, whether of the inhabitants of the land 
or of the air itself, are comparatively rare as fossils, and the 
record of the past existence of these is much more imperfect 
than is the case with animals living in water. Moreover, the 
fossiliferous deposits are not only almost exclusively aqueous 
formations, hut the great majority are marine, and only a com- 
paratively small number have been formed by lakes and rivers. 
It follows from the foregoing that the palseontologica! record 
IS fullest and most completeso far as sea-animals are concerned, 
though even here we find enormous gaps, owing to the absence 
of hard stmctnres in many great groups; of animals inhabiting 
fresh waters our knowledge is rendered still further incomplete 
by the small proportion that fluviatile and lacustrine deposits 
bear to marine ; whilst we have only a fragmentary acquaint- 
ance with the air-breathing animals which inhabited the e " " 
during past ayes. 

Lastli, ihe imperfection of the p.ilteoniolngical record, due 




a the causes above enumerated, is greatly aggravated, especi- 
illy as regards the earlier portion of the earth's history, by the 
:t that many rocks which contained fossils when deposited 
; been rendered barren of organic remains. The 
brincipal cause of this common phenomenon is what is known 

IS " raetamorphism " — that is, the subjection of the rock to a 

mfficient amount of heat to cause a rearrangement of its par- 
When at all of a pronounced character, the result of 

letamorphic action is invariably the obliteration of any fossils 
which might have been originally present in the rock. Meta- 
morphism may affect rocks of any age, though naturally more 
prevalent in the older rocks, and to this cause must be set 
down an irreparable loss of much fossil evidence. The most 
striking example which is to be found of this is the great Lau- 
rentian series, which comprises some 30,000 feet of highly- 
metamorphosed sediments, but which, with one not wholly 
undisputed exception, has as yet yielded no remains of living 
beings, though there is strong evidence of the former existence 
in it of fossils. 

Upon the whole, then, we cannot doubt that the earth's 
crust, so far as yet deciphered by us, presents us with but a 
very imperfect record of the past, Whether the known and 
admitted imperfections of the geological and palEontological 
records are sufficiently serious to account satisfactorily for the 
deficiency of direct evidence recognisable in some modem 
hypotheses, may be a matter of individual opinion. There 
can, however, be little doubt that they are sufficiently extensive 
to throw the balance of evidence decisively in favour of some 
theory of cotUinuity, as opposed to any theory of intermittent 
and occasional action. The apparent breaks which divide the 
great series of the stratified rocks into a number of isolated 
formations, are not marks of mighty and general convulsions 
of nature, but are simply indications of the imperfection of 
our knowledge. Never, in all probability, shall we be able to 
point to a complete series of deposits, or a complete succession 
of life linking one great geological period to another. Never- 
theless, we may well feel sure that such deposits and such an 
unbroken succession must have existed at one time. We are 
compelled to believe that nowhere in the long series of the 
fossiiiferous rocks has there been a total break, but that there 
t have been a complete continuity of life, and a more or 
mplete continuity of sedimentation, from the Laurentian 
; present day. One generation hands on the 
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has Dot been continuity in any given area, still the geological 
chain could never have been snapped at one point, and taken 
up again at a totally difFerenl one. Thus we arrive at the 
conviction that continuity is the fundamental law of geology, 
as it is of the other sciences, and that the lines of demarca- 
tion between ihe great formations are but gaps in our own 
knowledge. 
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CHAPTER V. 
CONCLUSIONS TO BE DRAIVN FROM FOSSILS. 



We have already seen that geologists have been led by the 
study of fossils to the all-important generalisation that the vast 
series of the Fossiliferous or Sedimentary Rocks may be 
divided into a number of definite groups or "formations," 
each of which is ciiaracterised by its organic remains. It may 
simply be repeated here that these formations are not properly 
and strictly characterised by the occurrence in them of any 
one particular fossil It may be that a formation contains 
some particular fossil or fossils not occurring out of that 
formation, and that in this way an. observer may identify a 
given group with tolerable certainty. It very often tiappens, 
indeed, that some particular stratum, or sub-group of a series, 
contains peculiar fossils, by which its existence may be deter- 
mined in various localities. As before remarked, however, the 
great formations are characterised properly by the association 
of certain fossils, by the predominance of certain families or 
orders, or by an assanbiage of fossil remains representing the 
" life " of the period in which the formation was deposited. 

Fossils, then, enable us to determine the age of the deposits 
in which they occur. Fossils furiher enable us to come to 
very important conclusions as to the mode in which the fossil- 
iferous bed was deposited, and thus as to the condition of the 
particular district or region occupied by the fossiliferous bed 
at the time of the formation of the latter. If, in the first 
place, the bed contain the remains of animals such as now 
inhabit rivets, we know that it is " fluviatile" in its origin, and 
that it must at one time have either formed an actual river- 
bed, or been deposited by the overflowing of an ancient 
stream. Secondly, if the bed contain the remains of shell- 
, or fish, such as now inhabit lakes, 
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[ know that it is " lacustrine," and was deposited beneath 

E waters of a former lake. Thirdly, if the bed contain the 
remains of animals such as now people the ocean, we know 
that it is " marine " In its origin, and that it is a fragment of 
an old sea-bottom. 

We can, however, often determine the conditions under 
which a bed was deposited with greater accuracy than this. 
If, for example, the fossils are of kinds resembling the marine 
animals now inhabiting shallow waters, if they are accompanied 
by the detached relics of terrestrial organisms, or if they are 
partially tolled and broken, we may conclude that the lossil- 
iferous deposit was laid down in a shallow sea, in the immediate 
vicinity of a coast-line, or as an actual shore- deposit. If, again, 
the remains are those of animals such as now live in the deeper 
parts of the ocean, and there is a very sparing intermixture of 
extraneous fossils (such as the bones of birds or quadrupeds, 
or the remains of plants), we may presume that the deposit is 
one of deep water. In other cases, we may find, scattered 
through the rock, and still in their natural position, the valves 
of shells such as we know al the present day as living buried 
ill the sand or mud of the sea shore or of estuaries. In other 
cases, the bed may obviously have been an ancient coral-reef, 
or an accumulation of social shells, like Oysters. Lastly, if we 
find the deposit to contain the remains of marine shells, but 
that these are dwarfed of their fair proportions and distorted 
in figure, we may conclude that it was laid down in a brackish 
sea, such as the Baltic, in which the i>roper saltness was want- 
ing, owing to its receiving an excessive supply of fresh water. 

In the preceding, we have been dealing simply with the 
remains of aquatic animals, and we have seen that certain con- 
clusions can be accurately reached by an examination of these. 
As regards the determination of the conditions of deposition 
from the remains of aerial and terrestrial animals, or from 
plants, there is not such an absolute certainty. The remains 
ofland-animals would, of course, occur in " sub-aeria! " de[Tosils 
— that is, in beds, hke blown sand, accumulated ujion the land. 
Most of the remains of land-animals, however, are found in 
deposits which have been laid down in water, and they owe 
their present position to the fact that their former owners were 
drowneil in rivers or lakes, or carried out to sea by streams. 
Birds, Flying Reptiles, and Flying Mannnals might also simi- 
larly find their way into aqueous deposits ; but it is to be re- 
membered tliat many birds and mammals habitually spend a 
great part of their time in the water, and that these might there- 
fore be naturally expected to present themselves as fossils in 



Sedimentary Rocks. Plants, again, even when undoubtedly 
such as must have grown on land, do not prove that the bed 
in which they occnr was formed on land. Many of the remains 
of plants known to us are extraneous to the bed in which they 
are now found, having reached their present site by falling into 
lakes or rivers, or being carried out to sea by floods or gales of 
wind. There are, however, many cases in which plants have 
undoubtedly grown on the very spot where we now find them. 
Thus it is now generally admitted that the great coal-fields 
of the Carboniferous age are the result of the growih in situ 
of the plants which compose coal, and that these grew 
on vast marshy or partially 
submerged tracts of level 
alluvial land. We have, 
however, distinct evidence 
of o!d land- surfaces, both in 
the Coal-measures" and in 
other cases (as, for instance, 
m the well-known "dirt- 
l ed " of the Purbeck series). 
\V hen, for example, we find 
the erect stumps of trees 
standing at right angles 
to the surrounding strata, 
we know that the surface 
through which these send 
their roots was at one time 
the surface of the dry land, 
or, in other words, was an 
ancient soil (fig. 19). 

In many cases fossils en- 
able us to come to important 
conclusions as to the climate 
of the period in which they 
"' ■■"■■" lived, but only a few in- 
stances of this can be here 
is fossils in the majority of instances are the re- 
.rine animals, it is mostly the temperature of the 
n alone be determinedin this way; and it is import- 
o the existence of heated currents, 
a does not necessarily imply a 
n the neighbouring land. Land- 
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ant lo remember that, c 

the marine climate of a given a 

correspondingly warm chmate ir _ _ 

climates can only be determined by the remains of land-a 

mals or land-plants, and these are comparatively rare as fossils. 

It is also important to remember that all conclusions on this 



head are really based upon the present distribution of animal 
and vegetable life on the globe, and are therefore liable to be 
vitiated by the following considerations :^ 

a. Most fossils are extinct, and it is not certain that the 
habits and requirements of any extinct animal were exactly 
similar to those of its nearest living relative. 

6. When ive get very far back in time, we meet with gronps 
of organisms so unlike anything we know at the present day as 
to reniler ail conjectures as to climate founded upon their sup- 
posed habits more or less uncertain and unsafe. 

c. In the case of marine animals, we are as yet very far from 
knowing the exact limits nf distribution of many species within 
our present seas ; so that conclusions drawn from living forms 
as to extinct .species are apt to prove incorrect. For instance, 
it has recently been shown that many shells formerly believed 
to be confined to the Arctic Seas have, by reason of the ex- 
tension of Polar currents, a wide range to the south ; and this 
has thrown doubt upon the conclusions drawn from fossil 
shells as to the Arctic conditions under niiich certain beds 
were supposed to have been deposited. 

i/. The distribution of animals at the present day is certainly 
dependent upon other conditions beside climate alone ; and 
the causes which now limit the range of given animals are 
certainly such as l>elong to the existing order of things. But 
the establishment of the present order of things does not date 
back in many cases to the introduction of the present species 
of animals. Even in the case, therefore, of existing species of 
animals, it can often be shown that the past distribution of the 
species was different formerly to what it is now, not necessarily 
liecanse the climate has changed, but because of the alteration 
of other conditions essential to the life of the .species or con- 
ducing to its extension. 

Still, we are in many cases able to draw completely reliable 
conclusions as to the climare of a given geological period, by 
an examination of the fossils belonging to that period. Among 
the more striking examples of how the past climate of a region 
may be deduced from the study of the orjjanic remains con- 
tained in its rocks, the following maybe mentioned : It has 
been shown that in Eocene limes, or at the commencement 
of the Tertiary period, the climate of what is now Western 
Europe was of a tropical or sub-tropical character. Thus the 
Eocene beds are found to contain the remains of shells such 
as now inhabit tropical seas, as, for example, Cowries and 
Volutes ; and with these are the fruits of palms, and the 
remains of other tropical plants. It has been shown, again, 



thai in Miocene times, or about the mld^lle of the Tertiary 
peno<l, Central Europe was peopled with a luxuriant flora 
resembling that of the warmer parts of the United States, and 
leading to the conclusion that the mean annual temperature 
must have been at least $o" hotter than it is at present It 
has been shown that, at the same time, Greenland, now buried 
beneath a vast ice- shroud, was warm enough to support a laT(;e 
number of trees, shrubs, and other plants, such as inhabit the 
temperate regions of the globe. lastly, it has been shown, 
upon physical as well as palffion to logical evidence, that llie 
greater part of the NOrth Temperate Zone, at a comparatively 
recent geological period, has been visited with all the rigours 
of an Arctic climate, resembling that of Greenland at the pre- 
sent day. This is indicated by the occurrence of Arctic shells 
in the superficial deposits of this period, whilst the Musk-ox 
and the Reindeer roamed far south of their present limits. 

Lastly, it was from the study of fossils that geologists leanit 
originally to comprehend a fact which may be regarded as of 
cardinal importance in all modern geological theories and 
speculations — namely, that the crust of the earth is liable to 
local elevations and subsidences. For long after the remains 
of shells and other marine animals were for the first time ob- 
served in the solid rocks forming the dry land, and at great 
heights above the sea-level, attempts were made to explain this 
almost unintelligible phenomenon upon the hypothesis that 
the fossils in question were not really the objects they repre- 
sented, but were in truth mere !usus na/urce, due to some 
"plastic virtue la'ent in the earth." The common-sense of 
scientific men, however, soon rejected this idea, and it was 
agreed by universal consent that these bodies really were the 
remains of animals which formerly lived in the sea. When 
once this was admitted, the further steps were comparatively 
easy, and at the present day no geological doctrine stands on 
a firmer basis than that which teaches us that our present con- 
tinents and islands, fixed and immovable as they appear, have 
been repeatedly sunk beneath the ocean. 




CHAPTER VI. 
THE BIOLOGICAL RELATIOSS OF FOSSILS. 

Not only have fossils, as we have seer, a most important 
bearing upon the sciences of Geology and Physical Geography, 
but they have relations of the most complicated and weighty 
character with the numerous problems connected with the 
study of living beings, or in other words, with the science of 
Biology. To such an extent is this the case, that no adci]ua;e 
comprehension of Zoology and Botany, in theit modern 
form, is so much as possible without some acquaintance with 
the types of animals and plants which have passed away. 
There are also numerous speculative questions in ihe domain 
of vital science, which, if soluble at all, can only hope to find 
iheir key in researches carried out on extinct organisms. To 
discuss f\illy ihe biological relations of fossils would, there- 
fore, afford matter for a separate treatise; and all that can be 
done here is to indicate very cursorily the principal points to 
which Ihe attention of the paliEontological student ought to 
be directed. 

In the first place, the great majority of fossil animals and 
plants are "extinct" — that is to say, ihey belong to species 
which are no longer in existence at the present day. So far, 
however, from there being any truth in the old view that there 
were periodic destructions of all the living beings in existence 
upon the earth, followed by a corresponding nitmber of new 
creations ofanimals and plants, the actual facts of the case show 
that the extinction of old fonns and the introduction of new 
forms have been processes constantly going on throughout the 
whole of geological time. Every species seems to come into 
being at a certain definite point of time, and to finally dis- 
appear at another definite point ; though there are few in- 
stances indeed, if there are any, in whith our present know- 
ledge would permit us safely to fix with precision the times of 
entrance and exit There ate, moreover, marked differences 
in the actual time during which different species remained in 
existence, and therefore corresponding difterences in their 
" vertical range," or, in other words, in the actual amount and 
thickness of strata through which they present themselves as 
fossils.. Some species are found to range through two or even 
; formations, and a few have an even more extended life. 

lore commonly the species which begin in the commence- 



ment or a great formation die oat at or before its close, whilst 
those which are introduced for the first time near the middle 
or end of the formation may either become extinct, or may 
p.iss on into the next succeeding formation. As a general 
rule, it is the animals which h;ive the lowest and simplest 
organisation that have the longest range in time, and the 
additional possession of microscopic or minute dimensions 
seems also to favour longevity. 'I'hus some of the Farami- 
nifera appear to have survived, with little or no percepribte 
alteration, from the Silurian period to the present day ; whereas 
large anti highly-organised animals, though long-lived as mdi- 
viiiuah, rarely seem to live long spedfk-ally, and have, there- 
fore, usually a restricted vertical range. Exceptions to this, 
however, are occasionally ' to be found in some " persistent 
types," which extend through a succession of geological 
periods with very little modification. Thus the existing 
Lampshells of the genus Lingula are little clianged from the 
Z/«p</(C which swarmed in the Lower Silurian seas; and the 
existing Pearly Nautilus is the last descendant of a clan 
nearly as ancient. On the other hand, some forms are singu- 
larly restricted in their limits, and seem to have enjoyed a 
comparatively brief lease of life. An exiimple of this is to 
be found in many of the AmmotiiUs — close allies of the Nau- 
tilus—which are often confined strictly to certain zones of 
strata, in some cases of very insignificant thickness. 

Of the cmtsFs of extinction amongst fossil animals and 
plants, we know lit'le or nothing. All we can say is, that the 
attributes which constitute z. species &o not seem to be intrin- 
sically endowed with jiermanence, any mure than the attri- 
butes which constitute an indiviiiual, though the former may 
endure whilst many successive generations of the latter have 
disappeared. Each species apiiears to have its own life- 
period, its commencement, its culmination, and its gradual 
decay ; and the life periods of different spedts may be of very 
different duration. 

From what has been said above, it may be gathered that 
our existing species of animals and plants are, for the most 
part, quite of modem origin, using the term '■ modem " in its 
geological acceptation. Measured by human standards, the 
majority of existing animals (which are capable of being 
preserved as fossils) are known to have a high antiquity; 

; of them can boast of a pedigree whiqh t 
geologist may regard with resi^ecL Not a few of our shell- 
fish are known to have commenced iheir existence at some 
point of the Tertiary period; one Lampsheil {Terebratulina 
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caput-strpattii) is believed to have survived since the Chalk ; 
and some of the Fi>ramiii/era date, at any rate, from the 
Carboniferous period. We learn from this the additional 
fact that our existing animals and plants do not conslitnte an 
assemblage of organic forms which were introduced into the 
world coUectiveiy and simultaneously, but that ihty com- 
menced their existence at very different periods, some being 
extremely old, whilst others may be regarded as comjjara- 
lively recent animals. And this introduction of the existing 
fauna and flora was a slow and gradual process, as shown 
admirably by the study of the fossil shells of the Tertiary 
period. Thus, in the earlier Tertiary period, we find about 
95 per cent of the known fossil shells to be species that are 
no longer in existence, the remaining 5 per cent being 
forms which are known to live in our present seas. In the 
middle of the Tertiary period we find many more recent 
and still existing species of shells, and the extinct types are 
much fewer in number; and this gradual introduction of 
forms now living goes on steadily, till, at the close of the Ter- 
tiary period, the proportions with which we started may be 
reversed, as many as 90 or 95 per cent of the fossil shells 
" ■_ g forms still alive, while not more than 5 per cent may 

,ve disappeared. 

All known animals at the present day may be divided into 
some five or six primary divisions, which are known technically 
as " sui-kingiloms." Each of these sub -kingdoms* may be 
regarded as representing a certain type or plan of structure, 
and all the animals comprised in each are merely modified forms 
of this common type. Not only are all known living animals 
thus reducible to some five or six fundamental plans of struc- 
ture, but amongst the vast series of foEsil fonns no one has 
yet been found — however unlike any existing animal — to 
possess peculiarities which would entitle it to be placed in a 
new sub-kingdom. All fossil animals, therefore, are capable 
of being referred to one or other of the primary divisions of 
the animal kingdom. Many fossil groups have no closely- 
elated group now in existence ; but in no case do we meet 
*ith any grand structural type which has not survived to the 
present day. 

The old types of life differ in many resjiects from those now 
upon the earth; and the further back we pass ni time, the 
more marked does this divergence become. Thus, if we were 
to compare the animals which lived in the Silurian seas with 
en uf ihc sub-kingdoms, and 
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those inhabiting our present oceans, we should in most in- 
sUDces find differences so great as almost to place us in 
another world. 'I'his divergence is the most marked in the 
Palseozoic forms of life, less so in those of the Mesozoic period, 
and less still In the Tertiary period. Each successive formation 
has therefore presented us with animals becoming gradually 
more and more like those now in ewstence ; and though there 
is an immense and striking difference between the Silurian 
animals and those of to-day, this difference is greatly reduced 
if we compare the Silurian fauna with the Devonian; tliat 
again with the Carboniferous j and so on till we reach the 
present 

It follows from Ihe above that the animals of any given 
formation are more like those of the next formation below, 
and of the next formation above, than they are to any otiiers ; 
and this fact of itself is an almost inexplicable one, unless we 
believe that the animals of any given formation are, in jjart at 
any rate, the lineal descendants of the animals of ihe preced- 
ing formation, and the progenitors, also in part at least, of the 
animals of the succeeding formation. In fact, the palason- 
tologist is so commonly confronted with the phenomenon of 
closely-allied forms of animal life succeeding one another in 
point of time, that he is compelled to believe that such forms 
have been developed from some connnon ancestral ly])e by 
some process of ^^ evolution." On the other hand, there are 
many phenomena, such as the apparently sudden introduction 
of new forms throughout all past time, and the common occur- 
rence of wholly isolated types, which cannot be explained in 
this way. Whilst it seems certain, therefore, that many of the 
phenomena of the succession of animal life in past periods can 
only be explained by some law of evolution, it seems at the 
same time certain that there has always been some other 
deeper and higher law at work, on the nature, of which it 
would be futile to speculate at present. 

Not only do we find that the animals of each successive 
■ formation become gradually more and more like those now 
existing upon the globe, as we pass from the older rocks into 
the newer, but we also find that there has been a gradual pro- 
gression and development in the types of animal life which 
characterise the geological ages. If we take the earliest-known 
and oldest exainples of any given group of animals, it can 
sometimes be shown that these primitive forms, though in 
themselves highly organised, possessed certain characters such 
V only seen in ih.& young of their existing representa- 
jchnical language, the early forms of life in some 




I instances possess '^ fmbryotiic" characters, though this does 
not prevent them often attaining a size much more gigantic 
than their nearest living relatives. Moreover, the ancient 
forms of life are often what is called " comprehensive types " 
— ^that is to say, they possess characters in combination such 
as we nowadays only find separately developed in different 
groups of animals. Now, this permanent retention of embry- 
onic characters and this "comprehensiveness" of structural 
type are signs of what a zoologist considers to be a compara- 
lively low grade of organisation ; and the prevalence of these 
features in the earlier fonns of animals is a very striking phe- 
nomenon, though they are none the less perfectly organised so 
far as their own type is concerned. As we pass upwards in 
the geological scale, we find that these features gradually dis- 
appear, higher and ever higher forms are introduced, and 
" specialisation " of type takes the place of the former com- 
prehensiveness. We shall have occasion lo notice many of 
the facts on which these views are based at a later period, and 
in connection with actual examples. In the meanwhile, it is 
sufhcient to state, as a widely-accepted generalisation of palae- 
ontology, that there has been in the past a general progression 
of organic types, and that the appearance of the lower forms 
of life has in the main preceded thai of the higher forms in 
point of time. 
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CHAPTER VII. 



THE LAURENT/AN AND HURON! AN PERIODS. 

f The Laurentian Mocks constitute the base of the entire strati- 
fied series, and are, therefore, the "oldest sediments of which 
we have as yet any knowledge. They are more largely and 
more typically developed in North America, and especially in 
Canada, than in any knowi; part of the world, and they derive 
their titlfc from the range of hills which the old French geo- 
graphers named the " Lauren tides." These hills are com- 
posed of Laurentian Rocks, and form the watershed between 
the valley of the Si Lawrence river on the one hand, and the 
great plains which stretch northwards to Hudson Bay on the 
other hand. The main area of these ancient deposits forms 
a great belt of rugged and undulating country, which extends 
from Labrador westwards to Lake Superior, and then bends 
northwards towards the Arctic Sea. Tliroughout this extensive 
area the Laurentian Rocks for the roost part present themselves 
in the form of low, rounded, ice-worn hills, which, if generally 
wanting in actual subhmity, have a certain geological grandeur 
from the fact that they "have endured the battles and the storms 
of time longer than any other mountains " (Dawson). In some 
places, however, the Laurentian Rocks produce scenery of the 
most magnificent character, as in the great gorge cut through 
them by the river Saguenay, where they rise at times Into ver- 
tical precipices igoo feet in height. In the famous group of 
the Adirondack mountains, also, in the state of New York, 
tliey form elevations no less than 6000 feet above the level of 
the sea. As a general rule, the character of the Laurentian 
region is that of a rugged, rocky, rolling country, often densely 
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timbered, but rarely well fitted for agriculture, and chieSw 
attractive lo the hunter and the miner. 

As regards its mineral characters, the Laurentian ? 
composed throughout of raelamorphic and highly crystalline 
rocks, which are in a high degree crumpled, folded, and 
faulted. By the late Sir William Logan the entire series was 
divided into two great groups, the Lower Laurentian and the 
Upper Laurentian, of which the latter rests unconforniably 
upon the truncated edges of the former, and is in turn uncon- 
forniably overlaid by strata of Huronian and Cambrian age 
(fig. 20). 
■ '\^he Loivei Laiiirn/ian series attains llie enormous thickness of 




over 2D,ooo feet, and is composed mainiy of great beds of gneiss, 
altered sandstones (quartzites}, mica-schist, hornblende-schist, 
magnetic iron-ore, and hematite, together with masses of lime- 
stone. The limestones are especially interestmg, and have an 
extraordinary development — three principal beds being known, 
of which one is not less than 1500 feet thick; the collective 
thickness of the whole being about 3500 feet. 

The Upper laurentian series, as before said, reposes uncon- 
formably upon the Lower Laurentian, and attains a thickness 
of at least 10,000 feet. Like the preceding, it is wholly meta- 
morfihic, and is composed partly of masses of gneiss and quarti- 
ile ; b«t it is especially distinguished by the possession of great 
beds of felspathic rock, consisting principally of " Labrador 
felspar," 

Though typically developed in the great Canadian area 
already spoken of, the Laurentian Rocks occur in other locali- 
ties, both in America and in the Old World. In Britain, the 
so-called " fundamental gneiss" of the Hebrides and of Sulher- 
landshire is jirobably of Lower Laurentian age, and the " hy- 
persthene rocks " of the Isle of Skye may, with great proba- 
bility, be regarded as referable to the Upper Laurentian. In 
other localities in Great Britain (as in St David's, South 
Wales; the Malvern Hills; and the North of Ireland) occur 
t metamorphic deposits which also are probably refer- 

>le to the Laurentian series. The so-called " primitive gneiss" 
Norway appears to belong to the Laurentian, and the 
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ancient metamorphic rocks or Bohemia and Bavaria may be | 
regarded as being approximately of the same age. 

By some geological writers the ancient and highly meta- 
morphosed sediments of the I^urentian and the succeeding ' 
Huronian series have been spoken of as the " Azoic rocks 
(Gr. a, withovit ; see, life) j but even if we were wholly destitute 
of any evidence of life during these periods, this name would be 
objectionable upon theoretical grounds. If a general name be 
needed, that of "Eozoic" {Gr, efs, dawn; zor, life), proposed 
by Principal Dawson, is the most appropriate. Owing to their 
metamorphic condition, geologists long despaired of ever de- 
tecting any traces of life in the vast pile of strata which con- 
stitute the Laurentian System. Even before any direct traces 
were discovered, it was, however, pointed out tliat there were 
good reasons for believing that the Laurentian seas had been 
tenanted by an abundance of I ng be'ng Th e ea ons 
are briefly as folio ^( ) F s ly he Lau en an e es con 
sists, beyond que on of ma ne sed men h h ong nally 
differed n no e sen al e pe f on tl ose wh h we e sub e- 
qiienilylad do n n the Ca b an or S lu an period ( ) 
In all forma ons la e han he Lauren an any 1 n es ones 
which a e p e en can be shown w h few e ep on 
organic ocks ad o be mo e o le s la gely n de up of he 
comminu ed del s of ma me or f esh a e a mals 



on equen e of he me a 
; so h ghly 



I^urentan 1 ones n 

to which hey 1 a e been 
(tig. zi) ha he m os ope fa 
ture in he ok and no fos 
sils beyond ho e wh 1 wl! 
be spoken of n roe 1 a ely ha e 
as yet be d sco e ed n 
them. ^ know hon 
numerou a e n h h I n 
stones, of la e age and 
doubtedly o g n o b n 
with, ha e b n end d o 
intensely y al ne b n 
morphic a on 1 a all 
of organ c niueh eb n 
ohlitera ed We ha e I 
fore, by analogy, the strongest 
possible ground for believing 
that the vast beds of Lauren- 
tian limestone have been ori- 
ginally organic in their origin, 
and primitively composed, in the main, of the calcareous 
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ions of marine animals. It would, in fact, be a 
great difficulty to account for the formation of these _ 
careous masses on any olher hypothesis. (3) The occurrence of' 
phosphate of lime in the Laurentian Rocks in great abundance, 
and sometimes in the form of irregular beds, may very possibly 
be connected with the former existence in the strata of the re- 
mains of marine animals of whose skeleton this mineral is a 
stilueuL (4) The Laurentian Rocks contain a vast amount 
carbon in the form of black-lead or graphile. This mineral it 
especially abundant in the limestones, occurring in regular bei 
in veins or strings, or disseminated through the body of the IJmi 
stone in the shape of crystals, scales, or irregular masses, 
amount of graphite in some parts of the Lower Laurentian 
so great that it has been calculated as equal to the quantity of' 
carbon present in an equal thickness of the Coal-measures. 
The general source of solid carbon in the crust of the earth 
is, however, plant-life ; and it seems impossible to account for 
the Laurentian graphite, except upon the supposition that it 
is metamorphosed vegetable matter. (5) Lastly, the great 
beds of iron-ore (peroxide and magnetic oxide) which occur 
in the laurentian series interst ratified with the other rocks, 
point with great probability to the action of vegetable life 
since similar deposits in later formations can commonly be 
shown to have been formed by the deoxidising power of veg©* 
table matter in a state of decay. 

In the words of Principal Dawson, " any one of these rt 
soni might, in itself, be held insufficient to prove so great an 
at first siglit, unlikely a conclusion as that of the existence 
abundant animal and vegetable life in the Laurentian ; but the 
concurrence of the whole in a series of deposits unquestion- 
ably marine, forms a chain of evidence so powerful that it 
might command belief even if no fragment of any organic or 
living form or structure had ever been recognised in these an- 
cient rocks." Of late years, however, there have been dis- 
covered in the Laurentian Rocks certain bodies which are 
believed to be truly the remains of animals, and of which by 
far the most important is the structure known under the now 
celebrated name of Eozoon. If truly organic, a very special 
and exceptional interest attaches itself to Eozoon, as being the 
most ancient fossil animal of which we have any knowledge ; 
but there are some who regard it really a peculiar form of 
mineral structure, and a severe, protracted, and still unfinished 
controversy has been carried on as to its nature. Into this 
controversy it is wholly unnecessary to enter here ; and it wilt^ 
he sufficient to briefly explain the structure of Eosoetiy as 1' 
(laied by the elaborate and masterly investigations of 
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:rand Dawson, from the standpoint tliat it is a genuine 
rgaoism — the balance of evidence up to lliis moment inclin- 
llDg decisively to this view, 

I The structure known as Bon/on is found in various localities 
l-in the Lower Laurenlian limestones of Canada, in the fonn of 
I isolated masses or spreading layers, wliich are composed of 
[thin alternating laminre, arranged more or less concentrically 
|-(fig. 22). The lamiiiie of these masses are usually of different 







:olours and composition ; one series being white, and com- 
posed of carbonate of lime — whilst the laminie of the second 
series alternate with the preceding, are green in colour, and 
are found by chemical analysis to consist of some silicate, 

• generally serpentine or the closely-related "loganite." In 
some instances, however, all the laminae are calcareous, the 
concentric arrangement still remaining visible in consequence 
of the fact that the laminre are composed altemateiy of lighter 
and darker coloured limestone. 

When first discovered, the masses of EoM'dn were supposed 
lo be of a mineral nature ; but their striking general resem- 

Iblance to the undoubted fossils which will be subsequently 
spoken of under the name of Stromatopora was recognised by 
Sir William Logan, and specimens were submitted for minute 
examination, first to Principal Dawson, and subsequently to 
I>r W. B. Carpenter. After a careful microscopic examina- 
tion, these two distinguished observers came to the conclusion 
that Kowim was truly organic, and in this opinion they were 
afterwards corroborated by other high authoriiies (Mr W. K, 
Parker, Profesor Rupert Jones, Mr H. B, Brady, Professor 
Giimbel, &c.) Stated briefly, the structure of Eosoon, as ex- 
hibited by the microscope, is a 




s of EozoSn is composed 
representing the original skele- 
These calcareous layers serve 
to separate and de- 
fine a series of cham- 
bers arranged in suc- 
cessive tiers, one 
above the other 
23, A, B, C) ; and 
they are perforated 
not only by 
(fig. 23, c\ which 
: to place suc- 
cessive tiers of cham- 
bers in communica- 
)n, but also by a 
system of delicate 
branching canals(fig. 
23, ii\ Moreover, 
the central and prin- 
cipal portion of each 
calcareous layer, with 
the ramified canal- 
system just spoken 
of, is bounded both above and below by a thin lamina which has 
a structure of its own, and whicJi may be regarded as the proper 
shell-wall (fig. 23, a a). This proper wall forms the actual lin- 
ing of the chambers, as well as the outer surface of the whole 
mass; and it is perforated with numerous fine vertical lubes 
(fig. 24, (7 a), opening into the chambers and on to the sur- 
face by corresponding fine pores. From the resemblance of 
this tubulated layer to similar structures in the shell of the 
Nummulite, it is often spoken of as the " Nummuline layer." 
The chambers are sometimes piled up one above the other in 
an irregular manner ; btit they are more commonly airangeii 
in regular tiers, the separate chambers being marked off from 
one another by projections of the wall in the form of parti 
tions, which are so far imperfect as to allow of a free cor 
cation between contiguous chambers. In the original 
tion of the organism, all these chambers, of course, must have 
been filled with living matter; but they are found in the present 
state of the fossil to be generally filled with some silicate, such 
as serpentine, which not only fills the actual chambers, but has 
also penetrated the minute tubes of the proper wall and the 
branching canals of the intermediate skeleton. In some cases 



the chambers are simpl) filled with crystalluie carbonate of 
When the origiiiaily porous fossil has been permeated 
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by a silicate, it is possible to dissolve away the whole of the 
calcareous skeleton by means of acids, leaving an accurate and 
beautiful cast of the chambers and the tubes connected with 

I them in the insoluble silicate. 
The above are the actual appearances presented by Eoioiin 
when examined microscopically, and it remains to see how 
far they enable us to decide upon its true position in the 
animal kingdom. Those who wish to study this inleresting 
subject in detail must consult the admirable memoirs by Dr 
W. B. Caijjenter and Principal Dawson : it will be enough 
here to indicate the results which have been arrived at. The 
only aumials at the present day which possess a continuous 
calcareous skeleton, jjerforated by pores and jienetrated by 
canals, are certain organisms belonging to the group of ihe 
Foraminifera. We have had occasion before to speak of these 
animals, and as they are not conspicuous or commonly-known 
forms of life, it may be well to say a few words as to the 

structure of the living representatives of the group. The 

^foraminifera are all inhabitants of the sea, and are mostly of 
■email or even microscopic dimensions. Their bodies are ci 



posed of an apparently structureless animal s 
albuminous nature ("sarcode "), of a gelatmous consistencdj 
transparent, and exhibiting numerous minute granules or 
rounded particles. Tlie body-substance cannot be said in 
itself to possess any definite form, except in so far as it may 
be bounded by a shell ; but it has the power, wherever it may 
be exposed, of emitting Song thread-like filaments ("pseudor 
podia "), which interlace with one another to form a network 
(fig. 25, A). These filaments can be thrown out at will, 




siderable distances, and can be again retracted into 
soft mass of the general body- substance, and they are 
agents by which the animal obtains its food. The soft bodi) 
of the Foraminifera are protected by a shell, which is usuall 
but may be composed of sand-grains cemeni 
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together ; and il may consist of a single chamber (fig. 26, a), 1 
or of many chambers airaDged in difterent ways (fig. 26, i/). 
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Somerimes the shell has but one large opening into it — the 
mouth : and then it is from this aperture that the anima! pro- 
trudes the delicate net of filaments with which it seeks its 
food. In other cases the entire shell is perforated with 
minute pores (fig. a6, e), through which the soft body-substance 
gains the exterior, covering the whole shell with a gelatinous 
film of animal matter, from which filaments can be emitted at 
any point When the shell consists of many chambers, all of 
these are placed in direct communication with one another, 
and the actual substance of the shell is often traversed by 
minute canals filled with living matter {e.g., in Calcarina and 
J^ummnlina). The shell, therefore, may be regarded, in such 
;s, as a more or less completely porous calcareous structure 
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tilled to its minutest internal recesses with the substance of ttU 
hving animal, and covered cKternally with a layer of the s 
substance, giving otTa network of interlacing filaments. 

Such, in brief, is the structure of the living Jvrammi/h-aM 
and it is believed that in Eosodn we have an extinct exam[)laL 
of the same group, not only of special interest from its imme-^ 
morial antiquity, but hardly less striking from its gigantic 
dimensions. In its original condition, the entire chamber- 
system of Eozoon is believed to have been filled with soft 
structureless Hving matter, which passed from cliamber to 
chamber through the wide apertures connecting these favitics»„ 
and from tier to tier by means of the tubuliin the shell-wall andl 
the branching canals in the intermediate skeleton. Through*! 
the perforated shell-wall covering the outer surface the soft 1 
body-substance flowed out, forming a (gelatinous investment, j 
from every point of which radiated an interlacing net of deli- J 
cate filaments, providing nourishment for the entire colony. J 
In its present state, as before said, all the cavities originallyl 
occupied by the body-substance have been filled with somifl 
mineral substance, generally with one of the silicates of ri 
nesia; and it has been asserted that this fact militates strong]]ir3 
against the organic nature of Eosoon, if not absolutely di»-9 
proving it. As a matter of fact, however— as previously nO'V 
ticed — it is by no means very uncommon at the present clayB 
to find the shells of living species q% Foraminifera in whio'' 
all the cavities primitively occupied by tne body-substana 
down to the minutest pores and canals, have been similail]^ 
injected by some analogous silicate, sucli as glauconite. 

Those, tlien, whose opinions on such a subject deservedly 
carry the greatest weight, are decisively of opinion that we are 
presented in the Eozoon of the Laurentian Rocks of Canada 
with an ancient, colossal, and in some respects abnormal type 
of the Foraminifera. In the words of Dr Carpenter, it is not 
pretended that " the doctrine of the Foraminiferal nature of 
Eozoon can be proved in the demonstrative sense ; " but it 
may be affirmed " that the convergence of a number of separate 
and independatt probabilities, all accordant with that hypothesis, 
while a separate explanation must be iiivented for each of 
them on any other hypothesis, gives it that high probability 
en which we rest in the ordinary affairs of life, in the verdicts 
of juries, and in the interpretation of geological phenomena 
generally." 

It only remains to be added, that whilst Eozoiin is by far 
the most important organic body hitherto found in the Lauren- 
tian, and has been here treated at proponlonate lengtli, other 
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> of life have been detected, which nny subsequently 
; of great interest and im[)ortance. 'I'lius, Principal 
Dawson has recently described under the name of Archao- 
IfAxrina certain singular rounded bodies which he has dis- 
Uvered in the Laurentian limestones, and which he believes 
I be casts of the shells of Foraminiftra possibly somewhat 
d to the existing Gloiigefijia. Tlie same eminent palaeon- 
gist has also described undoubted worm -burrows from 
»cks probably of Laurentian age. Further and more extend- 
I researches, we may reasonably ho|ie. will probably bring 
I light other actual remains of otganisnia in these ancient 

The Huronian Period. 

The socalled Huronian Rocks, like the Laurentian. have 
heir typical development in Canada, and derive their name 
from the fact tliat they occupy an extensive area on the borders 
of Lake Huron. They are wholly melamorphic, and consist 
principally of altered sandstones or quartzites, siliceous, fels- 
palhic, or talcose slates, conglomerates, and limestones. They 
are largely developed on the north shore of Lake Superior, 
and give rise to a broken and hilly country, very like that 
occupied by the Laurentians, with an abundance of timber, 
but rarely witb sufficient soil of good quality for agricultural 
purposes. They are, however, largely intersected by mineral 
veins, containing silver, gold, and other metals, and they will 
ultimately doubtless yield a rich harvest to the miner. The 
Huronian Rocks have been identified, with greater or less 
certainty, in other parts of North America, and also in the 
Old World. 

The total thickness of the Huronian Rocks in Canada is 
estimated as being not less than 1 8,000 feet, but there is con- 
siderable doubt as to their precise geological position. In 
their typical area they rest unconformably on the edges of 
■strata of ZiJW'f/- Laurentian age; but they have never been seen 
Ma direct contact with the Upper Laurentian, and their exact 
^■elations to this series are therefore doubtful. It is thus open 
Hlo question whether the Huronian Rocks constitute a distinct 
formation, to be intercalated in point of time between the 
Laurentian and the Cambrian groups; or whether, rather, they 
should not be considered as the metamorphosed representa- 
tives of the Lower Cambrian Rocks of other regions. 
" As regards the fossils of the Huronian Rocks, little can be 
aid. Some of the specimens of £ozodn Caaadense which have 
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been discovered in Canada are thought to come from rocks 
which are probably of Hiironiaii age. In Bavaria, Dr Gixmbel 
has described a species of Eosooti under the name of Eezoon 
Bavariciim, from certain metamorphic limestones which he 
refers to the Huronian formation. Lastly, the late Mr Billings 
described, from rocks in Newfoundland apparently referable to 
the Huronian, certain problematical limpet-shaped fossils, to 
which he gave the name of Aspidella. 
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* In this and in all subsequently following bihliographical lists, not oiJy 
is the selection of works and memoirs quoted necessarily extremely bmi ted ; 
but only such have, asa general mle, been chosen for mention as are easily 
accessible to stndents who are in Ihe position of being able to refer to a 
good library. Exceptions, however, are occasionally made to this rule, 
in favour of memoirs or works of special historical interest. It is also un- 
necessary to add that it has not been thoneht requisite to insert in these 
lists the well-known handbooks of geological and palaMntological science, 
except in such instances as Hhere Ibev contain s^iecial information on 
special points. 
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CHAPTER Vni, 
THE CAMBRIAN PERIOD. 

The traces of life in the Laurentian period, as we have seen, 

are but scanty ; but the Cambrian Rocks — so called from their 
occurrence in North Wales and its borders (■' Cambria") — have 
yielded numerous remains of animals and some dubious plants. 
""he Cambrian deposits have thus a special interest as being 

le oldest rocks in which occur any number of well-preserved 
md unquestionable organisms. We have here the remains of 
the first fauna, or assemblage of animals, of which we have at 
present knowledge. As regards their geographical distribu- 
tion, the Cambrian Rocks have been recognised in many parts 
of the world, but there is some question as to the precise limits 
of the formation, and we may consider thai their most typical 
area is in South Wales, where they have been carefully worked 
out, chiefly by Dr Henry Hicks. In this region, in the neigh- 
bourhood of the promontory of St David's, the Cambrian Rocks 
are largely developed, resting upon an ancient ridge of Pre- 
Cambrian (Laurentian ?) strata, and overlaid by the lowest 
beds of the Lower Silurian. The subjoined sketch- section 
(fig. 27) exhibits in a general manner the succession of strata 
in this locality. 

From this secrion it will be seen that the Cambrian 
Rocks in Wales are divided in the first place into a lower and 
an upper group. The Lower Cambrian is constituted at the 
base by a great series of grits, sandstones, conglomerates, and 
slates, which are known as the " Longmynd group," from their 
vast development in the Longmynd Hills in Shropshire, and 
which attain in North Wales a thickness of 8000 feet or more. 
The Longmynd beds are succeeded by the so-called " Mene- 
vian group," a series of sandstones, flags, and grits, about 600 
feet in thickness, and containing a considerable number of 
fossils. The Upper Cambrian series consists in its lower por- 
tion of nearly 5000 feet of strata, principally shaly and slaty, 
which are known as the "Lingula Flags," from the great 
abundance in them of a shell referable to the genus Lingula. 
These are followed by 1000 feet of dark shales and flaggy 
sandstones, which are known as the " Tremadoc slates," from 
their occurrence near Tremadoc in North Wales ; and these 
in turn are surmounted, apparently quite conformably, by the 
basement beds of the Lower Silurian. 
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The above may be regarded as giving a typical series of the 
Cambrian Rocks in a typical locality ; but strata of Cambrian 
age are known in many other regions, of which it is only 
possible here to allude to a few of the most important. In 
Scandinavia occurs a well- developed series of Cambrian de- 
posits, representing both the lower and upper parts of the 
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mation. In Bohemia, the Upper Cambrian, in particular, 
' Is largely developed, and constitutes the so-called " Primordial 
zone " of Barraode. Lastly, in North America, whilst 
Lower Cambrian is only imperfectly developed, or is repre- 
sented by the Huronian, the Upper Cambrian formation has 
a wide extension, containing fossils similar in character to the 
analogous strata in Europe, and known as the " Potsdam Sand- 
stone." Thesubjoined table shows the chief areas where Cam- 
brian Rocks are developed, and their general equivalency : 
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Like all the older Paiieozoic deposits, the Cambrian Rocks, 
■though by no means necessarily what would be called actually 
r*' metamoriihic," have been highly cleaved, ami otherwise 
tjaltered from their original condition. Owing partly to their 
(indurated state, and partly to their great antiquity, they are 
isually found in the heart of mountainous districts, which have 
uudergone great disturbance, and have been subjected to an 
enormous amount of denudation. In some cases, as in the 
Longraynd Hills in Shropsliire, they form low rounded eleva- 
tions, largely covered by pasture, and with few or no elements 
~ if sublimity. In other cases, however, they rise into bold and 
agged mountains, girded by precipitous cliffs. Industrially, 
pe Cambrian Rocks are of interest, if only for the reason that 
; celebrated Welsh slates of Llanberis are derived from 
[ghly-cleaved beds of this age Taken as a whole, the Cam- 
] fbnnatioD is esseotially .omposed of arenaceous and 



muddy sediments, the latter being sometimes red, but more 
commoaly nearly black in colour. It has often been supposed 
that the Cambrians are a deep-sea deposit, aod that we may 
thus account for the few fossils contained in them ; but the 
paucity of fossils is to a large extent imaginary, and some of 
the I-^ower Cambrian beds of the Longmynd Hills would ap- 
pear to have been laid down in shallow water, as they exhibit 
rain-prints, sun-cracks, and ripple-marks — incontrovertible evi- 
dence of their having been a shore-deposit. The occurrence 
of innumerable worm-tmcks and burrows in many Cambrian 
strata is also a proof of shallow-water conditions ; and the gen- 
eral absence of limestones, coupled with the coarse mechani- 
cal nature of many of the sediments of the Lower Cambrian, 
may be taken as pointing in the same direction. 

The life of the Cambrian, though not so rich as in the suc- 
ceeding Silurian period, nevertheless consists of representa- 
tives of most of the great classes of invertebrate animals. The 
coarse sandy deposits of the formation, which abound more 
particularly towards its lower part, naturally are to a large 
extent barren of fossils ; but the muddy sediments, when not 
too highly cleaved, and especially towards the summit of the 
group, are replete with organic remains. This is also the case, in 
many localities at any rate, with the finer beds of the Potsdam 
Sandstone in America. Limestones are known to occur in 
only a few areas (chiefly in America), and this may account for 
the apparent total absence of corals. It is, however, interest- 
ing to note that, with this exception, almost all the other lead- 
ing groups of Invertebrates are known to have come into 
existence during the Cambrian period. 

Of the land - surfaces of the Cambrian period we know 
nothing ; and there is, therefore, nothing surprising in the fact 
that our acquaintance with the Cambrian vegetation is confined 
to some marine plants or sea-weeds, often of a very obscure and 
problematical nature. The " Fucoidal Sandstone " of Sweden, 
aod the " Potsdam Sandstone " of North America, have both 
yielded numerous remains which have been regarded as mark- 
ings left by sea-weeds or " Fucoids ; " but these are highly enig- 
matical in their characters, and would, in many instances, seem 
to be rather referable to the tracks and burrows of marine 
worms. The first-mentioned of these formations has also 
yielded the curious, furrowed and striated stems which have 
been described as a kind of land-plant under the name of 
Eophyton (fig. 28). It cannot be said, however, that the vege- 
table origin of these singular bodies has been satisfactorily 
proved. Lastly, there are found in certain green and purple 





name of Ohlhamia, but the trae nature of which is very doubtful. 
The commonest form of Oldhamia (fig. 29) consists of a 
thread-like stem or axis, from which spring at regular intervals 
bundles of short filamentous branches in a fan-like manner. 
In the locality where it occurs, the fronds of Oldhamia are very 
aliundant, and are spread over the surfaces of l!ie strata in 
tangled layers. That_ it is oi^anic is certain, and that it is a 
calcareous sea-weed is probable ; but it may possibly belong to 
the sea-mosses {Polysoa), or lo the sea-firs {Seriufarians). 

Amongst the lower forms of animal life {Protozoa), we find 
the Sponges represented by the curious bodies, composed of 
gietted fibres, to which the name of Protospoftgia has been givt 

[. 32, a) } and the comparatively gigantic, conical, or cylin- 





drical fossils termed Archaocyathiis by Mr Billings are certainly 
referable either to the Foraminifera or to the Sponges. The 
almost total absence of litne- 
1 ihe formation may 
be regarded as a sufficient ex- 
planation of the fact that the 
Foraminifera are not more 
largely and unequivocally re- 
presented ; though the exist- 
ence of gieensands in the 
Cambrian beds of Wisconsin 
and Tennessee may be taken 
as an indication that this class 
of animals was by no means 
wholly wanting. The same 
fact may explain the total ab- 
sence of corals, so far as at 
present known. 

The group of the Echinoder- 
mata {Sea-liliea, Sea-urchins, 
and their allies) is represented 
by a few forms, which are prin- 
cipally of interest as being the earliest-known ■examples of the 
class. It is also worthy of note that these precursors of a 
group which subsequently attains such geological importance, 
are referable to no less than three distinct orders — the Crinoids 
or Sea-lilies, represented by a species of Dendrocrmus ; the 
Cystideans by Protocystites ; and the Star-fishes by Palasterina 
and some other forms. Only the last of these groups, how- 
ever, appears to occur in the Lower Cambrian. 

The Ringed-worms {Annelida), if rightly credited with all 
the remains usually referred to them, appear to have swarmed 
in the Cambrian seas. Being soft-bodied, we do not find the 
actual worms themselves in the fossil condition, but we have, 
nevertheless, abundant traces of their existence. In some 
cases we find vertical burrows of greater or less dei>th, often 
expanded towards their apertures, in which the worm must 
have actually lived (fig. 30), as various species do at the pre- 
sent day. In these cases, the tube must have been rendered 
more or less permanent by receiving a coating of mucus, or 
perhaps a genuine membranous secretion, from the body of 
the animal, and it may be found quite empty, or occupied by 
a cast of sand or mud. Of this nature are the burrows which 
have been described under the names of Scolilhus and Scoleco- 
derma, and probably the Htsiioderma of the Lower Cambrian 



CAMBRIAN PERIOD. 



fof Ireland. In other cases, as in ArmkoUles (fig. 32, b), the 
worm seems to have inhabited a double burrow, shaped like 




I'tiie letter U, and having two openings placed close together 
\ on the surface of the stratuna. Thousands of these twin- 
l-burrows occur in some of the strata of the Longmynd, and it 
I is supposed that the worm used one opening to the burrow as 
I an aperture of entrance, and the other as one of exit. In other 
I- cases, again, we find simply the meandering trails caused by 
J its body over the surface of the mud. 
Markings of this kind are commoner in the Silurian Rocks, 
and it is generally more or less doubtful whether they may 
not have been caused by other marine animals, such as shell- 
fish, whilst some of them have certainly nothing whatever to 
do with the worms. Lastly, the Cambrian beds often show 
twining cylindrical bodies, commonly more or less matted 
together, and not confined to the surfaces of the strata, but 
passing through them. These have often been regarded as 
the remains of sea-weeds, bat it is more probable that they 
represent casts of the underground burrows of worms of simi- 
lar habits to the common lob-worm {Arenkola) of the present 
day. 
I The Ariiculate animals are numerously represented in the 
►Cambrian deposits, but exclusively by the class of Crustateans. 
me of these are little double- shelled creatures, resembling 
r living water-fleas {Ostracoda). A few are larger forms, and 
[belong to the same group as the existmg brine-shrimps and 
y-shrimps {PhyUopoda). One of the most characteristic of 
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these is the Hymmocaris vermicauda of the Lingula Flags (fig. 
32, il). By far the larger number of the Cambrian Crustacea 
belong, however, to the remarkable and wholly extinct group 
of the Trilobites. These extraordinary animals must have 
literally swarmed in the seas of the later portion of this and 
the whole of the succeeding period ; and they survived in 
greatly diminished numbers till the earlier portion of the 
Carboniferous period. They died out, however, wholly before 
the close of the Paleozoic epoch, and we have no Crusta- 
i at the present day which can be considered as their 
t representatives. They have, however, relationships of 
a more or less intimate character with the existing groups of 
the Phyllopods, the King-crabs {Limulws), and the Isopods 
("Slaters," Wood-lice, &c.) Indeed, one member of the last- 
mentioned order, namely, the Serolis of the coasts of Patagonia, 
has been regarded as the nearest living ally of the Trilobites. 
Be this as it may, the Trilobites possessed a skeleton which, 
though capable of undergoing almost endless variations, was 
wonderfully constant in its pattern of structure, and we may 
briefly describe here the chief features of this. 

The upper surface of the body of a Trilobite was defended 
by a strong shell or " crust," partly homy and partly calcare- 
ous in its composition. This shell (fig. 31} generally exhibits 
a very distinct " trilobation " or division into three longitudinal 
lobes, one central and two lateral. It also exhibits a more 
important and more fundamental division into three transverse 
portions, which are so loosely connected with one another as 
very commonly to be found separate. Tlie first and most 
anterior of these divisions is a shield or buckler which covers 
the head ; the second or middle portion is composed of mov- 
able rings covering the trunk (" thorax ") ; and the third is a 
shield which covers the tail or "abdomen." The head-shield 
(fig. 31, e) is generally more or less semicircular in shape ; and 
its central portion, covering the stom -ch of the animal, is usu- 
ally strongly elevated, and generally marked by lateral furrows. 
A little on each side of the head are placed the eyes, which 
are generally crescentic in shape, and resemble'the eyes of 
insects and many existing Crustaceans in being " compound," 
or made up of numerous simple eyes aggregated together. 
So excellent is the state of preservation of many specimens of 
Trilobites, that the numerous individual lenses of the eyes 
have been uninjured, and as many as four hundred have been 
counted in each eye of some forms. The eyes may be sup- 
ported upon prominences, but they are never carried on mov- 
able stalks (as they are in the existing lobsters and crabs) ; and 
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head-shield are usually separated from the central portion by 
a peculiar line of division (the so-called "facial suture") on 
each side ; but this is also wanting in some of the Cambrian 
species. The backward angles of the head-shield, also, are 
ofteri prolonged into spines, which sometimes reach a great 
length- Following the head-shield behind, we have a portion 
of the body which is composed of movable segments or "body- 
rings," and which is technically called the " thorax." Ordi- 
Dariiy, this region is strongly trilobed, and each ring consists of 
a central convex portion, and of two flatter side-lobes. The 
number of body-rings in the thorax is very variable {from two 
to twenty-six), but is fixed for the adult forms of each group of 
the Trilobites. The young forms have much fewer rings than 
the full-grown ones ; and it is curious to (ind that the Cam- 
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brian Trilobites very commonly have either a great many riogs 
(as in Paraiioxides, fig. 31, a), or else very few {as in Agnosius, 
In some instances, the body-rings do not seem to 
have been so constmcted as to allow of much movement, but 
in other cases this region of the body is so flexible that the 

mal possessed the power of rolling itself up completely, like 
a hedgehog ; and many individuals have been permanently 
preserved as fossils in this defensive condition. Finally, the 
body of the-Trilobite was completed by a tail-shield (techni- 
cally termed the " pygidium "), which varies much in size and 
form, and is composed of a greater or less number of rings, 
similar to those which form the thorax, but immovably amalga- 
mated with one another (fig. 31, A). 

The under surface of the body in the Trilobites appears to 
have been more or less entirely destitute of hard structures, 
with the exception of a well-developed upper !ip, in the form 
of a plate attached to the inferior side of the head-shield in 
front. There is no reason to doubt that the animal possessed 
; but these stnictures seem to have resembled those of 
many living Crustaceans in being quite soft and membranous. 
This, at any rate, seems to have been generally the case ; 
though structures which have been regarded as legs have been 
detected on the under surface of one of the larger species of 
Trilobites. There is also, at present, no direct evidence that 
the Trilobites possessed the two pairs of jointed feelers ("an- 
tennse") whicli are so characteristic of recent Crustaceans. 

The Trilobites vary much in size, and the Cambrian forma- 
tion presents examples of both the largest and the smallest 
members of the order. Some of the young forms may be little 
bigger than a millet-seed, and some adult examples of the 
smaller species (such as Jgnosfus) may be only a few lines in 
length; whilst such giants of tlie order as Paradoxides and 
Asaphus mayreach a length of from one to two feet. Judging 
from what we actually know as to the structure of the Trilo- 
bites, and also from analogous recent forms, it would seem that 
these ancient Crustaceans were mud-haunting creatures, deni- 
zens of shallow seas, and affecting the soft silt of the bottom 
rather than the clear water above. Whenever muddy sedi- 
ments are found in the Cambrian and Silurian formations, 
there we are tolerably sure to find Trilobites, though they are 
by no means absolutely wanting in limestones. They appear 
to have crawled about upon the sea-bottom, or burrowed in the 
yielding mud, with the soft under surface directed downwards; 
and it is probable that they really derived their nutriment from 
the organic matter contained in the ooze amongst which they 
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lived. The vital organs seem to have occupied the central 
of the skeleron, by which they were protected ; and a series 
delicate leaf-like paddles, which probably served as respiratory 
organs, would appear to have been carried on the under surface 
of the thorax. That they had their enemies may be regarded 
as certain ; bat we have no evidence that they were furnished 
with any offensive weapons, or, indeed, with any means of 
defence beyond their hard crust, and the power, possessed by 
so many of them, of rolling themselves into a ball. An addi- 
tional proof of the fact that ihey for the most part crawled 
along the sea-bottom is found in the occurrence of tracks and 
markings of various kinds, which can hardly be ascribed to 
any other creatures with any show of probabiUty. That this 
is the true nature of some of the markings in question cannot 
be doubted at all ; and in other cases no explanation so pro- 
bable has yet been suggested. If, however, the tracks which 
have been described from the Potsdam Sandstone of North 
America under the name of ProiiehmUs are really due to the 
peregrinations of some Triiobite, they must liave been pro- 
duced by one of the largest examples of the order. 

As already said, the Cambrian Rocks are very rich in the 
remains of Trilobites. In the lowest beds of the series (Long- 
onynd Rocks), representatives of some half-dozen genera have 
■now been detected, including the dwarf --^^//m/wj and the giant 
.Paradoxides. In the higher beds, the number both of genera 
jand species is largely increased ; and from the great compara- 
tive abundance of individuals, the Trilobites have every right 
to be considered as the most characteristic fossils of the Cam- 
brian period.^the more so as the Cambrian species belong to 
peculiar types, which, for the most part, died out before the 
commencement of the Silurian epoch. 

All the remaining Cambrian fossils which demand any notice 
,tcre are members of one or other division of the great class 
f the Mollusca, or " Shell-lish " properly so called. In the 

wer Cambrian Rocks the Lamp-shells \Brachiopodd) are the 
■pal or soie representatives of the class, and appear chiefly 
three interesting and important types — namely, Lingtdflla, 

\scina, and Obolella. Of these the last (fig. 32, i) is highly 

laracteristic of these ancient deposits ; whilst Discina is cue 
of those remarkable persistent types which, commencing at 
this early period, has continued to be rejiresented by varying 
forms through all the intervening geological formations up to 
the present day. Lingulella (fig. 3?, c), again, is closely allied 
.to the existing " Goose-bill " Lamp-shell {Lingula anatina), and 
ithus presents us with another example of an extremely long- 



ral lobe H 
leries of ^^ 



HISTORICAL PALvEONTOLOGV. ^^^^^^ 

lived type. The Ungulella and their successors, the Lingtda, 
are singular in possessing a shell which is of a homy texture, 
and contains but a small proportion of calcareous tnatter. In 
the Upper Cambrian Rocks, the Lingulella become much more 
abundant, the broad satchel - shaped species known as L. 
Davisii (fig. 32, e) being so abundant that one of the great 
divisions of the Cambrian is termed the " Lingula Flags." 
Here, also, we meet for the first time with examples of the 
genus Orihh (fig. 32,/, k, I) a characteristic Palieozoic type of 
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the Brachio pods, which is destined to undergo a' 
in later ages. 

Of the higher groups of the MoUusca the record is as yet 
but scanty. In the Lower Cambrian, we have but the thin, 
fragile, dagger -shaped shells of the free -swimming oceanic 
Molluscs or " Winged-snails " {Pteropoda), of which the most 
characteristic is the genus Tkeca {fig. 32,^). In the Upper 
Cambrian, in addition to these, we have a few Univalves 
(Gasieropoda), and, thanks to the researches of Dr Hicks, 
quite a small assemblage of Bivalves {LantdUbranchiata), 
though these are mostly of no great dimensions (fig. 32, h). 
Of the chanabered Cephalopoda (Cuttle-fishes and their allies), 





we have but few traces, and lliese wholly confined to the higher 
beds of the formation. We meet, however, with examples of 
the wonderful genus OrthiKtras, with its 
straight, partitioned shell, which we shall 
find in an immense variety of forms in the 
Silurian rocks. Lastly, it is worthy of 
note that the lowest of all the groups of 
the Mollusca — namely, that of the Sea- 
mats, Sea-mosses, and Lace-corals {Poly- 

■) — is only doubtfully known to have 
any representatives in the Cambrian, 
though undergoing a large and varied 
development in the Silurian deposits. 

'n exception, however, may with much 
probability be made to this statement in 
favour of the singular genus Dictyoifma 
(fig. 33), which is highly characteristic of 
the highest Cambrian beds (1'remadoc r^.biil^kmi'wi'i'iiiVow 
iSlates). This curious fossil occurs in the of .«ii' 00 uch lido. 
form of fan-like or funnel-shaped expan- f*'"*""'-' 

s, composed of slightly-diverging homy branches, which 
are united in a net-like manner by numerous delicate cross- 
bars, and exhibit a row of little cups or cells, in which the ani- 
mals were contained, on each side. Diclyonema has generally 
been referred to the Graptolites ; but it has a much greater 
affinity with the plant-like Sea-firs {Sertuhrians) or the Sea- 
tnosses {Polyzoa), and the balance of evidence is perhaps in 
"*.vour of placing it with the latter. 
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The great system of deposits to which Sir Roderick Murchi- 
son applied the name of " Silurian Rocks " reposes directly 
upon the highest Cambrian beds, apparently without any 
marked uti conformity, though with a considerable change in 
the nature of the fossils. The name "Silurian" was originally 
proposed by the eminent geologist just alluded to for a great 
series of strata lying below the Old Red Sandstone, and occu- 
pying districts in Wales and its borders which were at one 
time inhabited by the "Silures," a tribe of ancient Britons. 
Deposits of a corresponding age are now known to be largely 
developed in other parts of England, in Scotland, and in Ire- 
land, in North America, in Australia, in India, in Bohemia, 
Saxony. Bavaria, Russia, Sweden and Norway, Spain, and in 
various other regions of less note. In some regions, as in the 
neighbourhood of St Petersburg, the Silurian strata are found 
not only to have preserved their original horizon tality, but also 
to have retained almost unaltered their primitive sofi and inco-. . 
herent nature. In other regions, as in Scandinavia anti i 



parts of North America, similar strata, now con sol id a led into 
shales, sandstones, and limestones, may be found resting with 
a. very slight inclination on still older sediments. In a great 
many regions, however, the Silurian deposits are found lo have 
undei^one more or less folding, crumpling, and dislocation, 
accompanied by induration and "cleavage" of the finer and 
softer sediments ; whilst in some regions, as in tlie Highlands 
of Scotland, actual " metamorphism " has taken place. In 
consequence of the above, Silurian districts usually present 
the bold, rugged, and picturesque outlines which aie char- 
acteristic of the older "Primitive" rocks of the earth's crust in 
general. In many instances, we find Silurian strata rising into 
mountain-chains of great grandeur and sublimity, exhibiting 
the utmost diversity of which rock-scenery is capable, and de- 
lighting the artist with endless changes of valley, lake, and 
cliff. Such districtsarelittlesuilableforagriculture, though this 
is often compensated for by the valuable mineral products con- 
tained in the rocks. On the other hand, when the rocks are 
tolerably soft and uniform in their nature, or when few disturb- 
ances of the crust of the earth have taken place, we may find 
Silurian areas to be covered with an abundant pasturage or lo 
be heavily timbered. 

Under the head of " Silurian Rocks," Sir Roderick Murchi- 
son included all the strata between the summit of the " Long- 
mynd " beds and the Old Red Sandstone, and he divided these 
into the two great groups of the Ziwir Silurian and Upper Silu- 
rian. It is, however, now generally admitted that a considerable 
portion of the basement beds of Murchison's Silurian series 
must be transferred — if only upon palfeontological grounds-^to 
the Upper Cambrian, as has here been done ; and much contro- 
versy has been carried on as to the proper nomenclature of the 
Upper Silurian and of the remaining portion of Murchison's 
l^wer Silurian. Thus, some would confine the name "Silu- 
rian" exclusively to the Upper Silurian, and would apply the 
name of " Cambro-Silurian " to the Lower Silurian, or would 
include all beds of the latter age in the " Cambrian " series of 
Sedgwick. It is not necessary to enter into the merits of these 
conflicting views. For our present purpose, it is sufficient to 
recognise that there exist two great groups of rocks between 
the highest Cambrian beds, as here defined, and the base of 
the Devonian or Old Red Sandstone. These two great groups 
are so closely allied to one another, both physically and palse- 
ontologically, that many authorities have established a third 
or intermediate group (ihe " Middle Silurian ''), by which a pas- 
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sage is made from one into the other. This method of prcH' 
cedure involves disadvantages which appear to outweigh its 
advantages ; and the two groups in question are not only gen- 
erally capable of very distinct sirat [graphical separation, but at 
the same time exhibit, together with the alliances above spoken 
of, so many and such important palffiontological differences, 
that it is best to consider them separately. We shall there- 
fore follow this course in the present instance ; and pending 
the final solution of the controversy as to Cambrian and Silu- 
rian nomenclature, we shall distinguish these two groups of 
strata as the " Lower Silurian " and the " Upper Silurian." 

The Lower Silurian Rocks are known already to be devel- 
oped in various regions ; and though \hs\v generai succession 
in these areas is approximately the same, each area exhibits 
peculiarities of its own, whilst the subdivisions of each are 
known by special names. All, therefore, that can be attempted 
here, is to select two typical areas — such as Wales and North 
America — and to briefly consider the grouping and di 
of the Lower Silurian in each. 

In Wales, the line between the Cambrian and Lower Silurian 
is somewhat ill-defined, and is certainly not marked by any 
strong unconformity. There are, however, grounds for accept- 
ing the line proposed, for palreontological reasons, by Dr 
Hicks, in accordance with which the Tremadoc Slates ("Lower 
Tremadoc" of Salter) become the highest of the Cambrian 
deposits of Britain. If we take this view, the Lower Silurian 
rocks of Wales and adjoining districts are found to have the 
following ^wi^a/ succession from below upwards (fig. 34): — 

1. The Armig Group. — This group derives its name from 
the Arenig mountains, where it is extensively developed. It 
consists of about 40Q0 feet of slates, shales, and flags, and is 
divisible into a lower, middle, and upper division, of which the 
former is often regarded as Cambrian under the name of 
" Upper Tremadoc Slates." 

2. The Uanddlo Group. — The thickness of this group varies 
from about 4000 to as much as 10,000 feet , but in this latter 
case a great amount of the thickness is made up of volcanic 
ashes und interbedded traps. The sedimentary beds of this 
group are principally slates and flags, the latter occasionally 
with calcareous bands; and the whole series can be divided 
into a lower, middle, and upper Llandeilo division, of which 
the last is the most important, The name of " Llandeilo" is 
derived from the town of the same name m Wales, where strata 
of this age were described by Miirclnson 
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3- The Caradoc or Bala Group. — The alternative names of 

I this group are also of local origin, and are derived, the one 

I from Caer Caradoc in Shropshire, the other from Bala in Wales, 

I strata of this age occurring in both localities. The series is 

divided into a lower and upper group, the latter chit-fly com- 

' posed of shales and flags, and the former of sandstones and 

shales, together with the important and interesting calcareous 

band known as the " Bala Limestone." The thickness of the 

entire series varies from 4000 to as much as 12,000 feet, ac 

cording as it contains more or less of interslratified igneous 

rocks. 

4. The JJandovery Group (Lower Llandovery of Murchison). 
- — This series, as developed near the town of Llandovery, in 
Caermarth en shire, consists of less than 1000 feet of conglom- 
erates, sandstones, and shales. It is probable, however, that 
the little calcareous band known as the " Hirnant Limestone," 
together with certain pale-coloured slates which lie above the 
Bala Limestone, though usually referred to the Caradoc series, 
should in reality be regarded as belonging to the Llandovery 
group. 

The genera! succession of the Lower Silurian strata of Wales 
and its borders, attaining a maximum thickness {along with 
contemporaneous igneous matter) of nearly 30,000 feet, is 
diagramatically represented in the annexed sketch-section 

-.34):- 
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In North America, both in the United States and in Can- 
ada, the Silurian rocks are very largely developed, and may be 
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F. regarded as conslituting an exceedingly full and typical s. 
t of the deposits of tliis period. The chief groups of (he Silurian 

■ rocks of North America are as follows, beginning, as before, 
Jurith the iowest strata, and proceeding upwards (fig. 35) : — 

Qud)fc Group. — This group is typically developed in 
litfie vicinity of Quebec, where it consists of about 5000 feet of 
■strata, chiefly variously-coloured shales, together with s 

tndstones and a few calcareous bands. It contains a number 
liof peculiar Graptolites, by which it can be idenlified without 

■ ■question with the Arenig group of Wales and the correspond- 
ting Skiddaw Slates of the North of England. It is also to be 
E.DOted that numerous Trilobites of a distinct Cambrian faa 
l:liave been obtained in the limestones of the Quebec group, 

■ near Quebec. These fossils, however, have been exclusively 
^obtained from the limestones of the group ; and as these lime- 

■ stones are principally calcareous breccias or conglomerates, 
rthere is room for believing that these primordial fossils are 

really derived, in part at any rate, from fragments of an upper 
Cambrian limestone. In the State of New Vork. the Grapto- 
litic shales of Quebec are wanting ; and the base of the Silurian 
'» constituted by the so-called " Calciferous Sand-rock" and 
" Chazy Limestone."* The first of these is essentially and 
typically calcareous, and the second is a genuine limestone. 

. The Trenion Gruufi.—This is an essentially calcareous 
^oup, the various limestones of which it is composed being 
known as the " Bird's-eye," " Black River," and " Trenton " 
Limestones, of which the last is the thickest and most import- 
The tliickness of this group is variable, and the bands of 
llimestone in it are often separated by beds of shale. 

3. The Cincinnati Group (Hudson River Formation+). — 
This group consists essentially of a lower series of shales, often 
])Iack in colour and highly charged with bituminous matter 
.l(the " Utica Slates "), and of an upper series of shales, sand- 



• The precise relations of the Quelle shales with Graptolites (Levis 
Formation) 10 the Calcirerous and Chaz^ bed.<> are 5lill obscure, though 
there seems Utile doubt but thai the Quebec Shnles are superior to the 
Caldferoos Sand-rock. 

+ There is some difEcully about the precise nomenclaluie of this group. 
It was originally called the " Huilhon River Fonnalion;" but this name 
U inapproprkte, as rocks of this age hardly touch anywhere the actual 
HudscHi River itself, the rocks so called formerly being now known to be 
of more ancient date. There is also some want of propricLy in the name of 
" Cincinnati Group," since the rocks which are known under this name in 
the vicinity of Cincinnati itself are the representatives of the Trenton 
■~ ' " e, Utica Slates, and the old Hudson River group, inseparably 
what used to be called the " Blue Limestone Series." 
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Of the life of the Lower Silurian period we have record in a 
number of fossils, showing that tlie seas of this period 
were abundantly furnished with living denizens. We have, 
however, in the meanwhile, no knowledge of the land -surfaces 
of the period. We have therefore no means of speculating 

to the nature of the lerrestrial animals of this ancient age, 

r is anything known with certainty of any land plants which 
may have existed. The only relics of vegetation upon which 

positive opinion can be expressed belong to the obscure 
group of the " Fiicoids," and are supposed to be the remains 
of sea-weeds. Some of the fossils usually placed under this 
bead are probably not of a vegetable nature at all, but others 
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fig. 36) appear to be unquestionable plants. The true affin- 

ties of these, however, are extremely dubious. Al! thai can 

said Is, that remains which appear to be certainty vegetable, 



and which are most probably due to marine plants, have been 
recognised nearly at the base of the Lower Silurian (Arenig), 
and that they are found throughout the series whenever suitable 
conditions recur 

The Protozoans apf ear to have flourished extens vely in the 
Lower S lurian seas thoigh to a large extent under forms 
which are still httle understood We hue here for the first 
time the api earance ol Foramtmfera of the ordinary t>pe — one 
of the most interesting observat ons in this connection being 
that made by Ehrenberg who showed that the Lower Silurian 
sandstones of the neighbourhood ot bt Petersburg contained 
casts m glauconite of Foranmiferous shells some of wiiich are 
referable to the e\ st ng genera R talui and Texlulana True 
Spoigfi be ongiig t) that section of the group in which the 
skeleton is calcareous, are also not unknown one of the most 
characterist c genen being As- 
lyhspongia (hg 37) In this 
genus are mch ded more or less 

/i « ^ globular often lobed sponges, 

"^SJf A which are believed not to have 

f ™ ^ een attached toforeign bodies. 

^ I the form here figured there 

^ T funnel shaped cwityat the 

V nin t and the entire mass of 

\ / the sponge is perforated, as in 

\ ^ Imng examjles by a system 

^ X of canals whch convey the 

_^j^__^ -^ sea water to all parts of the 

Fg 37 i !}■ I, fotg a f irmona <:\it Organism The canals by 
witicilif lOBSioexhb the can* -ej sttm whchthe sei wiler gains en- 
(A?: Frd^^wT" "^"-^ l'^"':^ OP^" °" 'I'e exterior of 
the sf here and those by which 
It again escapes from the sponge open into the cup-shaped 
depress on at the s imm t 

The most alundmt and at the same time the least under- 
stood of Lower Silurian Protozoans belong however to the 
genera Slromatoftra and RecepticuhUs the stnicCure of which 
can merely be alluded to here The specimens of Stromato- 
p ra (&g j8) occur as liemisphencal pear shaped globular, or 
irreguhr masses often of verj considerable size and some- 
times demonstrabl) attached to foreign bodies In their struc- 
ture these masses consist of numerous th n calcareous laminfe, 
usually arrange! concentrically and separated by narrow 
interspaces These interspaces are generally crossed by 
numerous \ertical calcareous pillars giv ng the vertical section 




lilnterspaces are placed in communication; and sometimes the 

Bsurface presents large rounded openings, which appear to corre- 

f spend with the water-canals of the Sponges. Upon the whole, 

rfiough presenting some curious affinities to the calcareous 

Sponges, Stromatopora is perhajis more properly regarded as 

a gigantic Foramini/er. If this view be correct, it is of s})ecial 

interest as being probably the nearest ally of Eozoiin, the 

feneral appearance of the two being strikingly similar, tliough 

'^eir minute structure is not at all the same. Lastly, in the 

fossils known as Receptaculites and IscliadiUs we are also pre- 

lented with certain singular Lower Silurian Protozoans, which 

(day with great probability be regarded as gigantic Forami- 

Their structure is very complex; !iut fragments are 

sily recognised by the fact that the exterior is covered with 

mboidal calcareous plates, closely fitting together, 

ind arranged in peculiar intersecting curves, presenting very 

BDUch the appearance of the engine-turned case of a watch. 

Passing next to the sub'-kingdom of Ccelenterate animals 
Toophytes, Corals, &c.), we find that this great group, almost 
: wholly absent in the Cambrian, is represented in Lower 

aossvD 
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Silurian deposits by a great number of forms belonging on the 
one hand to the true Corals, and on the other hand to the 
singular family of the Graptolites. If we except certain plant- 
like fossils which probably belong rather to the Sertularians 
or the Polyzoans {e.g-, DUlyonema, Detuirograptus, &c.), the 
family of the Graptolites may be regarded as exclusively 
Silurian in its distribution. Not only is this the case, but it 
attained its maximum development almost upon its first ap- 
pearance, in the Arenig Rocks ; and whilst represented by a 
great variety of types in the Lower Silurian, it only exists in 
the Upper Silurian in a much diminished form. The Grap- 
tolites (Gr. grapho, I write ; lithos, stone) were so named by 
Linnffius, from the resemblance of some of them to written or 
pencilled marks upon the stone, though the great naturalist him- 
self did not believe them to be true fossils at ail. They occur 
as linear or leaf-like bodies, sometimes simple, sometimes com- 
pound and branched ; and no doubt whatever can be enter- 
tained as to their being the skeletons of composite organisms, 
or colonies of semi-independent animals united together by 
a common fleshy trunk, similar to what is observed in the 
colonies of the existing Sea-firs (Sertularians). This fleshy 
trunk or common stem of the colony was protected by a deli- 
cate homy sheath, and it gave origin to the little flower-like 
"polypites," which constituted the active element of the whole 
assemblage. These semi-independent beings were, in turn, 
protected each by a little homy cup or cell, directly connected 
with the common sheath below, and terminating above in an 
opening through which the polypite could protrude its tentacled 
head or could again withdraw itself for safety. The entire 
skeleton, again, was usually, if not universally, supported by 
a delicate horny rod or "axis," which appears to have been 
hollow, and which often protrudes to a greater or less extent 
beyond one or both of the extremities of the actual colony. 

The above gives the elementary constitution of any Grapto- 
litc, but there are considerable differences as to the manner in 
which these elements are arranged and combined. In some 
forms the common stem of the colony gives origin to but a 
single row of cells on one side. If the common stem is a 
simple, straight, or slightly-curved linear body, then we have 
the simplest fonn of Graptolile known (the genus Moaograptus) ; 
and it is worthy of note that these simple types do not come 
into existence till comparatively late (Llandeilo), and last 
nearly to the very close of the Upper Silurian. In other 
cases, whilst there is still but a single row of cells, the colony 
'■ousist of two of these sinnple stems springing from a 



t common point, as in the so-called " twb Graptoliles " (DiWy- 
nogra^tus, fig. 40). This type is entirely confined to the earlier 
portion of the Lower Silu- 
rian period (Arenig and 
Llandeilo). In othercases, 
again, there may be four 
of such stems springing 
from a central point ( Tet- 
ragraptus). Lastly, there 
are numerous complex 
forms (such as Dichograp- 
(as, Loganograpiiis, Sec.) in 
which ihere are eight or 
more of these simple bran- 
ches, all arising from a 
common centre (fig. 39), 
which is sometimes fur- 
nished with a singular 
homy disc. These com- 
]ilicated branching forms, 
as well as the Telmgrapti, 
are characteristic of the 
horizon of the Arenig 
group. Similar forms, of- 
ten specifically identical. 
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"iu'e found at this horizon in Wales, in the great series of the 
Skiddaw Slates of the north of England, in the Quebec group 

Canada, in equivalent beds in Sweden, and in certain gold- 
bearing slates of the same age in Victoria in Australia. 

' 1 another great group of Graptoliles (including the genera 
Diplograptus, Dieranograptus, Cliinacograpius, &c. ) the common 
stem of the colony gives origin, over part or the whole of its 
length, to tit'0 rows of cells, one on each side (fig. 41). These 
double-celled " Graptolites are highly characteristic of the . 
Lower Silurian deposits ; and, with an exception more app^ 1 
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from the common stem. These forms are highly char- 
acteristic of the Arenig group. 

The Graptohtes are usually found in dark-coloured, often 
black shales, wiiich sometimes contain so much carbon as to 
become "anthracitic." They may be simjjly carbonaceous; 
but they are raore commonly converted into iron-pyrites, when 
they glitter with the brilliant lustre of silver as they lie scattered 
on the surface of the rock, fully deserving in their metallic 
tracery the name of "written stones." They constitute one 
of the most important groups of Silurian fossils, and are of the 
greatest value in determining the precise strati graphical posi- 
tion of the beds in which they occur. They present, however, 
special difhcnlties in their study ; and it is still a moot [mint as 
to their precise position in the zoological scale. The balance 
of evidence is in favour of regarding them as an ancient and 
peculiar group of the Sea-firs (Hydroid Zoophytes), but some 
regard them as belonging rather to the Sea-mosses (Polysca). 
Under any circumstances, they cannot be directly compared 
either with the ordinary Sea-tirs or the ordinary Sea-mosses ; 
for these two groups consist of fixed organisms, whereas the 
Graptolites were certainly fi-ee- floating creatures, living at 
large in the open sea. The only Hydroid Zoophytes or Poly- 
xoans which have a similar free mode of existence, have either 
no skeleton at all, or have hard structures quite unlike the 
homy sheaths of the Graptolites. 

The second great group of Ccelenterate animals (Adijiazoa) 
is represented in the Lower Silurian rocks by numerous 
Corals. These, for obvious reasons, are much more abundant 
in regions where the Lower Silurian series is largely calcareous 
(as in North America) than in districts like VVales, where 
limestones are very feebly developed. The Lower Silurian 
Corals, though the first of their class, and presenting certain 
peculiaritie.s, may be regarded as essentially similar in nature 
to existing Corals. These, as is well known, are the calcareous 
skeletons of animals — the so-called " Coral -Zoophytes" — 
closely allied to the common Sea-anemones in structure and 
habit A sitnpk coral {fig. 43) consists of a calcareous cup 
embedded in the soft tissues of the flower-like polype, and hav- 
ing at its summit a more or less deep depression (the " calice ") 
in which the digestive organs are contained. The space within 
the coral is divided into compartments by numerous vertical 
calcareous plates (the " septa "), which spring from the inside 
of the wall of the cup, and of which some generally reach the , 
centre. Compound corals, again (fig. 44), consist of a greater | 
or less number of structures similar in structure to the above. 
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but united together in different ways into a common mass. 
Simple corals, therefore, are the skeletons of single and inde- 




pendent polypes ; whilst compound corals are the skeletons of 
assemblages or colonies of similar polypes, living united with 
one another as an organic community. 

In the general details of their structure, the Lower Silurian 
Corals do not differ from the ordinary Corals of the present 
day. The latter, however, have the vertical calcareous plates 
of the coral ("septa") arranged in multiples of six or five; 
whereas the former have these structures arranged in multiples 
of four, and often showing a cross-like disposition. For this 
reason, the common Lower Silurian Corals are separated to 
form a distinct group under the name of Rugose Corals or 
Rugosa. They are further distinguished by the fact that the 
cavity of the coral (" visceral chamber ") is usually subdivided 
by more or less numerous horisotital calcareous plates or 
partitions, which divide the coral into so many tiers or storeys, 
and which are known as the "tabulie" (fig. 45). 

In addition to the Rugose Corals, the Lower Silurian rocks 
contain a number of curious compound corals, the tubes 
of which have either no septa at all or merely rudimentary 
ones, but which have the transverse partitions or "tabulie" 
very highly developed. These are known as the Tabulate 
Corals ; and recent researches on some of their existing allies 
(such as Heliepora) have shown that they are really allied to 




THE LOWER SILURIAN PERIOD. 



Sie modern Sea-pens, Organ-pipe Corals, and Red Cora], 
ther than to the typical stony Corals. Amongst the charac- 




istic Rugose Corals of the Lower Silurian may be mentioned 
belonging to the genera Coiumnaria, Favistflla, Strcp- 
and Zaphrentis ,■ whilst amongst the " Tabulate " 
lorals, the principal forms belong to the genera ChxMes, 
Talysites (the Chain-coral), Const elhria, and liclwlites. These 
l^roups of the Corals, however, attain a greater development 
at a later period, and they will be noticed more particularly 
hereafter. 

Passing on to higher animals, we find that the class of the 
Ech'modertnala is represented by examples of the Star-fishes 
(Asteroidea), the Sea-lilies {Crinoidca), and the peculiar extinct 
group of the Cystideans (Cystoidea), with one or two of the 
Brittle-stars {fiphiuroided) — the Sea-urchins (Ediinoidea) being 
Still wanting. The Crinoids, though in some places extremely 
""[umerous, have not the varied development that they possess 
the Upper Silurian, in connection with which their structure 
ill be more fully spoken of. In the meanwhile, it is sufficient 
;o note that many of the calcareous deposits of the Lower 
Silurian are strictly entitled to the name of " Crinoidal lime- 
stones," being composed in great part of the detached joints, 
and plates, and broken stems, of these beautiful but fragile 
organisms (see fig. 12). Allied to the Crinoids are the singular 
creatures which are known as Cystideam (fig. 46). These are 
generally composed of a globular or ovate body {the "calyx"), 
supported upon a short slalk (the "column"), by which the 
inism was usually attached to some foreign body. The 
,y was enclosed by closely- fit ting calcareous plates, accu- 
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rately jointed together ; and the stem was made up of numerous 
distinct pieces or joints, flexibly united to each other by mem- 




brane. The chief distinction which strikes one in comparing 
the Cystideans with the Crinoids is, that the latter are always 
furnished, as will be subsequently seen, with a beautiful crown 
of branched and feathery appendages, springing from the sum- 
mit of the calyx, and which are composed of innumerable 
calcareous plates or joints, and are known as the " arms." In 
the Cystideans, on the other hand, there are either no " arms " 
at all, or merely short, unbranched, rudimentary arms. The 
Cystideans are principally, and indeed nearly exclusively, 
Silurian fossils ; and though occurring in the Upper Silurian 
in no smaH numbers, they are pre-eminently characteristic of 
the Llandeilo-Caradoc period of Lower Silurian time. They 
commenced their existence, so far as known, in the Upper 
Cambrian ; and though examples are not absolutely unknown 

' The genus CaryocHnas is sometimes regarded at; properly belonging 
to the Ctinm.h, but there seetn to be good reasons fur rather considering 
it as nn abnormal form of Cystidmn. 
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I later periods, they are pre-eminently characteristic 

•ulier portion of the Palieozoic epoch. 
The Ringed Worms {Anneliiies) are abundantly reiJresented 
I in the Lower Silurian, but principally by tracks and burrows 
I similar in essentia! respects to those which occur so commonly 
1 in the Cambrian formation, and calling for no special com- 
I ment. Much more important are the Artiadate animals, rep- 
I resented, as heretofore, wholly by the remains of the aquatic 



of the ^1 




\jafihtts tynnattn. Upper Lland^o^ h, 

lJn»T X^kutdcilo and CaradDc;^', PiimiHa ilranentaln^ Caradoc? g, Hcad-ahkld of 
Catym"" BlitmeHtHwhit, var. braricapilattt, C«radoc : k. Head-ahicid oT TrtartMna 
Brcki (TJlIca SUl<s), Uniud Stales : i. Shield of Ltitrdilia Cimiuinuii, var. Jsteth- 

■ ... -'-■-- -nomlriK. Trmlon Uincslonc. Canada; /,T' --■--■' -•-- 

" ■ " ■ md Dana.) 



(Aftn- Sailer, M'Coy.Ri 




I andf 

W oblor 



HISTORICAL PAL^ONTOLOGY- 



and fig. 51, r and ri), are usually more Or less transversely- 
oblong or subquadrate, the iwo valves (as more or less in all 
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the Brachiopods) of unequal sizes, generally more or less con- 
vex, and marked with radiating ribs or lines. The valves of 
the shell are united to one anotlier by teeth and sockets, and 
there is a straight hinge-line. The beaks are also separated 
by a distinct space ("hinge-area"), formed in part by each 
valve, which is perforated by a triangular opening, through 
which, in the living condition, passed a muscular cord attach- 
ing the shell to some foreign object. The genus Stntphotnma 
(tig. go, d, and gi, a and b) is very like Oiihis in general char- 
acter; but the shell is usually much flatter, one or other valve 
often being concave, the hinge-line is longer, and the aperture 
for the emission of the stalk of attachment is partially closed 
by a calcareous plate. In Lepttena, again (tig. 51, e), the shell 
is like Stroplwmnia in many respects, but generally compara- 
tively longer, often completely semicircular, and having one 
valve convex and the other valve concave. Amongst other 
genera of Brachiopods which are largely represented in the 
Lower Silurian rocks may be mentioned Litiguht, Crania, 
Discina, Trematis, Siphongtreta, Acrotreta, Rhynchonelln, and 
Athyrh ; but none of these can claim the importance to which 
the three previously-mentioned groups are entitled. 

The remaining T^ower Silurian groups of MoUusea can be 
but briefly glanced at here. The Bivalves {Lamellibranchiala) 
find numerous representatives, belonging to such genera as 
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tfo^'olopsis, Ctenodonla, Orihonota, Palaarca^ Lyrodesma, Am- 

'mychia, 3.adi CUidopharus. The Univalves (G'<iJ'/(Tf/ft/i7) are 
"■"also very numerous, tiie two most important genera being 
Murdiisonia (fig, 52) and Pleurotomaria, [11 bolh these groups 
the outer !ip of the shell is notched ; but the shell 
in the former is elongated and turreted, whilst in 
T|e latter it is depressed. The curious oceanic 
Qnivalves known as the HelerepoiU are also very 
Tbundant, the principal forms belonging to Bd- 
<i and Madurea. In the foriner (fig. 53) 
there is a symmetrical convoluted shell, like that 
of the Pearly Nautilus in shape, but without any 
internal partitions, and having the aperture of 
ten expanded and notched behind. The species 
of Madurea (fig. 54) are found bolh in North 
America and in Scotland, and are exclusivelv 
confined to the Lower Silurian period, so far 

»Ils known. They have the shell coiled into a 
iat spiral, the mouth being furnished with a 
»rery curious, thick, and solid lid or "opercu- cMuX'^^u 
lum." The Lower Silurian /'/iro/ni/j. or "Wing- t™h>b um^ 
ed Snails," are numerous, and belong principally *(^^, ttiiu.I'Jl^ 
to the genera Theca, Conularia, and TmlacuiiUs, 
the last-mentioned of these often being extremely abundant in 

I certain strata. 
I..aslly, the Lower Silurian Rocks have yielded a vast number 
^ chambered shells, referable to animals which belong to the 
same great division as the Cuttle-fishes (the Cephalopoda), and 
of which the Pearly Nautilus is the only living representative at 
the present day. In this group of Cephahpods the animal 
possesses a we 11- developed external sliell, which is divided 
^Ipto chambers by shelly partitions {"septa"). The animal 
I the last-formed and largest chamber of the shell, to 
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and can be protruded fron t e moull of the shell at v 11 or 
again withdrawn with n t We learn also from the Pearly 
Nautilus, that these an mals must hive possessed t o pa rs of 
breathing organs or "gjlls;" hence all these forms are grouped 
together under the name of the " Tetrabranchiate " Ceplialo- 
pods ((ir, tetra, four; bragckia, gil)). On the other hand, the 
ordinary Cuttle-fishes and Caiamaries either possess an internal 
skeleton, or if they have an external shell, it is not chambered ; 
their " arms " are furnished with powerful organs of adhesion 
in th2 form of suckers ; and they possess only a single pair of 
gills. For this last reason they are termed the " Dibranchiate " 
Cephalopods (Gr. dis, twice ; bragchia, gill). No trace of the 
true Cuttle-fishes has yet been found in Lower Silurian deposits; 
but the Tetrabrancliiate group is r^resented by a great num- 
ber of forms, sometimes of grest size. The principal Lower 
Silurian genus is the well-known and widely-distributed Ortho- 
ceras (fig. 55). The shell in this genus agrees with that of the 
existing Pearly Nautilus, in consisting of niunerous chambers 
separated by shelly partitions (or septa), the latter being per- 
forated by a tube which runs the whole length of the shell 
after the last chamber, and is known as the " siphuncle '' (fig. 
56, s). The last chamber fonned is the largest, and in it tiie 
animal lives. The chambers behind this are apparently filled 
with some gas secreted by the animal itself; and these are sup- 
posed to act as a kind of float, enabling the creature to move 
with ease under the weight of its shell. The various air- 
chambers, though the siphuncle passes through them, have no 
direct connection with one another; and it is believed that the 
animal has the power of slightly altering its specific gravity, 
and thus of rising or sinking in t!ie water by driving additional 
fluid into the siphuncle or partially emptying it The Orik&- 




Jjvoid of the elaborate lobation which tliey exhibit in the 
mmonites ; whilst the siphuncle pierces the septa either in 
le centre or near it. In the Nautilus, however, the shell is 
coiled into a flat spiral ; whereas in Orthoceras the shell is a 
straight, longer or shorter cone, tapering behind, and gradu- 
ally expanding towards its moulh in fronL The chief objec- 
tions to the belief that the animal of the Orthoceras was essen- 
tially like that of the Pearly Nautilus are — the comparatively 
small size of ihe body-chamber, the often c:ontracted aperture 
of the mouth, and the enormous size of some specimens of 

illostration is taken from h rough sketch made by llie author 
iany years ago, but he is unable to say from what original source it was 
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the shell. Thus, some Orthocemta have been discovered 
measuring ten or twelve feet in length, with a diameter of a 
foot at tlie larger extremity. These colossal dimensions cer- 
tainly make it difficult to imagine that the comparatively small 
body-charaber could have held an animal large enough to move 
a load so ponderous as its own shell. To some, this difficulty 
has appeared so great tiiat they prefer to believe that the 
Oii/wceras did not live in its shell at all, but that its shell was 
an internal skeleton similar to what we shall find to exist in 
many of the true Cuttle-fishes, There is something to be said 
in favour of this view, but it would compel us to believe in the 
existence in Lower Silurian times of Cuttle-fishes fully equal 
in size to the giant "Kraken" of fable. It need only be 
added in this connection that the Lower Silurian rocks have 
yielded the remains of many other Tetrabranchiate Cephalo- 
pods besides Orihoceras. Some of these belong to Cyrtoceras, 
which only differs from Ortkoc^as in the bow-shapeii form of 
the shell ; others belong to Phragmoceras, Lituiles, Sic, ; and, 
lastly, we have true Nauliii, with their spiral shells, closely 
resembling the existing Pearly Nautilus. 

Whilst all the sub-kingdoms of the Invertebrate animals are 
represented in the Lower Silurian rocks, no traces of Verte- 
brate animals have ever been discovered in these ancient 
deposits, unless the so-called "Conodonts" found by Pander 
in vast numbers in strata of this age * in Russia should prove 
to be really of this nature. These problematical bodies are of 
microscopic size, and have the form of minute, conical, tooth- 
shaped spines, with sharp edges, and hollow at the base. 
Their original discoverer regarded Iham as the horny teeth 
of fishes allied to the Lampreys ; but Owen came to the con- 
clusion that they probably belonged to Invertebrates. The 
recent investigation of a vast number of similar but slightly 
larger bodies, of very various forms, in the Carboniferous rocks 
of Ohio, has led Professor Newberry to the conclusion that 
these singidar fossils really are, as Pander thought, the teeth of 
Cyclostomatous fishes. The whole of this difficult question 
has thus been reopened, and we may yet have to record the 
first advent of Vertebrate animals in the Lower Silurian. 

• According lo Pander, the •'Conodonis" are fonnd not only in the 
Lower Sihiriiin beds, but also in the " Ungulite Grit " [Upper Cambmn), 
ai well as in [he Devonian and Carboniferous depa'rits of Russia. .Should 
Ihe Conoiii)nts prove to be truly the remains of fishes, we should ihns have 
[Q transfer the first appearance of Vertebrates to, at any rate, as early a 
period as the Upper Camhnaii. 



CHAPTER X. 

THE UPPER SILURIAN PERIOD. 

Having now treated of the Lower Silurian period at consider- 

1 able length, it will not be necessary to discuss the succeeding 

I group of the Upper Silurian in the same detail — the more so, 

I as with a general change of species the Upper Silurian animals 

I belong for the most part lo the same great /j;^ as those which 

I distinguish the Lower Silurian. As compared, also, as regards 

' the total bulk of strata concerned, the thickness of the Upper 

Silurian isgenerally very much below that of the Lower Silurian, 

indicating that they represent a proixirtionately shorter period 

of time. In considering the general succession of the Upper 

Silurian beds, we shall, as before, select Wales and America as 

being two regions where these dejjosits are typically developed. 

In Wales and its borders the general succession of the 

Upper Silurian rocks may be taken to be as follows, in ascend- 

ing order (fig. 57) :— 

I (i)_ The base of the Upper Silurian series is constituted by 

I a series of arenaceous beds, to which the name of " May Hill 

■Sandstone " was apphed by Sedgwick. These are succeeded 

by a series of greenish-grey or pale-grey slates (" Tarannon 

Shales"), sometimes of great thickness ; and these two groups 

of beds together form what may be termed the "May Hill 

Gro«/"(Upper Llandovery of Murchison). Though not very 

extensively developed in Britain, this zone is one very well 

marked by its fossils; and it corresponds with the "Clinton 

Group" of North America, in which similar fossils occur. In 

South Wales this group is clearly unconformable lo the highest 

member ofthe subjacent Lower Silurian (the Llandovery group); 

Old there is reason to believe that a similar, though less con- 

^icuous, physical break occurs very generally between the 

e of the Upper and the summit of the Lower Silurian. 

(2) The Wetilock Group succeeds the May Hili group, and 

»n3litutes the middle member of the Upper Silurian. At its 

; it may have an irregular limestone ("Woolhope Lime- 

"), and its summit may be formed by a similar but thicker 

alcareous deposit {"Wenlock Limestone"); but the bulk of the 

ip is made up of the argillaceous and shaly strata known as 

" Wenlock Shale." In North Wales the Wenlock group is 

presented by a great accumulation of flaggy and gritty strata 

b(the "Denbighshire Flags and Grits"), and similar beds (the 
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" Coniston Flags " and " Coniston Grits ") take the same place 
in the north of England. 

(3) The Ltfdlmv Grouf is the highest member of the Upper 
Silurian, and consists typically of a lower arenaceous and shaiy 
series (the " Lower Ludlow Rock ") a middle calcareous 
member (the " Aymestry Liinestone"), and an upper shaly and 
sandy senes (the " Upper Ludlow Rock " and " Downlon Sand- 
stone"). At the summit, or close to the summit, of the Upper 
Ludlow, is a singular stratum only a few inches thick (vary- 
ing from an inch to a foot), which contains numerous remains 
of crustaceans and fishes, and is well known under the name 
of the "bone-bed." Finally, the Upper Ludlow rock graduates 
invariably into a series of red sandy deposits, which, when of 
a fla^y character, are known locally as the " Tile- stones." 
These beds are probably to be regarded as the highest member 
of the Upper Silurian ; but they are sometimes looked upon as 
passage-beds into the Old Red Sandstone, or as the base of 
this formation. It is, in fact, apparendy impossible to draw 
any actual line of demarcation between the Upper Silurian and 
the overlying deposits of the Devonian or Old Red Sandstone 
series. Both in Britain and in America the Lower Devonian 
beds repose with perfect conformity upon the highest Silurian 
beds, and the two formations appear to pass into one another 
by a gradual and imperceptible transition. 

The Upper Silurian strata of Britain vary from perhaps 
3000 or 4000 feet in thickness up to 8000 or io,oco feet. In 
North America the corresponding series, though also variable, 
is generally of much smaller thickness, and may be under 1000 
feet. The general succession of the Upper Silurian deposits 
of North America is as follows : — 

(1) Medina Sandstone. — This constitutes the base of the 
Upper Silurian, and consists of sandy strata, singularly devoid 
of life, and passing below in some localities into a conglo- 
merate (" Oneida Conglomerate "), which is stated to contain 
pebbles derived from the older beds, and which would thus 
indicate an unconformity between the Upper and Lower 
Silurian. 

(2) Clinton Group. — Above the Medina sandstone are 
beds of sandstone and shale, sometimes with calcareous bands, 
which constitute what is known as the " Clinton Group." The 
Medina and Clinton groups are undoubtedly the equivalent of 
the " May Hill Group " of Britain, as shown by the identity of 
their fossils, 




(3) Niagara Group.— "VVva group consisls typically of a 
scries of argillaceous beds (" Niagara Shale ") capped by 
limestones ("Niagara Limestone"); and the nanie of the 
group is derived from the fact that it is over limestones of this 
age that the Niagara river is precipitated to form the great 
Falls. In places jhe Niagara group is wholly calcareous, 

id it is continued upwards ioto a series of marls and sand- 
jith beds of salt and masses of gypsum (the "Salina 
iroup "), or into a series of magnesian limestones (" Guelph 
Limestones"). The Niagara group, as a whole, corresponds 
unequivocally with the Wenlock group of Britain. 

(4) Louier HeUerberg Group. — The Upper Silurian period 
in North America was terminated by the de]josition of a series 

calcareous beds, which derive the name of " Lower Helder 
from the Helderberg mountains, south of Mban^, m\4. 



which are divided into several zones, capable of recognition by 
their fossils, and known by local names (Tenlaculite Lime- 
stone, Water-lime, Lower Pentamerus Limestone, Delthyris 
Shaly Limestone, and Upper Pentamerus Limestone). As a 
whole, this series may be regarded as the equivalent of the 
L'udJow group of Britain, though it is difficult to establish any 
precise parallelism. The summit of the Lower Helderberg 
group is constituted by a coarse-grained sandstone (the " ( )ris- 
kany Sandstone"), replete with organic remains, which have 
to a large extent a Silurian /n«Vj. Opinions differ as to whether 
this sandstone is to be regarded as the highest bed of the Upper 
Silurian or the base of the Devonian, We thus see that in 
America,as in Britain, no other line than an artificial one can be 
drawn between the Upper Silurian and the overlying Devonian. 

As regards the life of the Upper Silurian period, we have, as 
before, a number of so-called "Fucoids," the true vegetable 
nature of which is in many instances beyond doubt. In addi- 
tion to these, however, we meet for the first time, in deposits 
of this age, with the remains of genuine land-plants, though 
our knowledge of these is still too scanty to enable us to con- 
struct any detailed picture of the terrestrial vegetation of the 
period. Sorae of these remains indicate the existence of the 
remarkable genus Lepidodendron — a genus which played a part 
of great importance in the forests of the Devonian and Carbon- 
iferous periods, and which may be regarded as a gigantic and 
extinct type of the Club-mosses {Lympodiacea). Near the 
summit of the Ludlow formation in Britain there have also 
been found beds charged with numerous small globular bodies, 
which Dr Hooker has shown to be the seed-vessels or " spor- 
angia" of Club-mosses. Principal Dawson further states that 
he has seen in the same formation fragments of wood with the 
stmcture of the singular Devonian Conifer known as Proio- 
taxites. Lastly, the same distinguished observer has described 
from the Upper Silurian of North America the remains of the 
singular land-plants belonging to the genus Psihphyton, which 
will be referred to at greater length hereafter. 

The tnarine life of the Upper Silurian is in the main con- 
stituted by types of animals similar to those characterising the 
Lower Silurian, though for the most part belonging to different 
species. The Protozoans are represented principally by Stro- 
maiopora and Ischadites, along with a number jaf undoubted 
sponges (such as Amphispongia, Aifrteospongia, Astylospongia, 
and Palaomanon). 

Amongst the CixUniei-ates, we find the old group of Grap- 
loiiles now verging on extinction. Individuals still remain 



inmerous, bat the variety of generic and specific types lias 
V become greatly reduced. Ail the branching and complex 
s of the Arenig, the twin-Urap- 
olites and Diiranograpti of the 
Llandeilo, and the double- eel led 
Viplograpli and C/tmacograpli of 
Sie Bala group, have now disap- 

Mired. In tlieir place we have 

e singular Retiolites, with its ciiri- 
tously-reliculated skeleton; and seve- 
ra] species of tlie single-celled genus 
Afonograptus, of which a character- 
istic species {M. priodon) is here 
figured. If we remove from this 
group the plant-tike Dictyonema, 
which are still present, and which 
survive into the Devonian, no 
known species of Graptolilt has 
hitherto been detected in strata 
higher in geological position than 
the Ludlow. This, therefore, pre- 
sents us with the first instance we 
have as yet met with of ihe total 
disappearance and extinction of a 
great and important seriei 
ganic forms. 

The Corah are very numerously 
represented in the Upper Silurian 
rocks, some of the limestones (such 
as the Wenlock Limestone) being 
often largely composed of the skeletons of these animals. 
Almost all the known forms of this period belong to the 
two great divisions of the Rugose and Tabulate corals, the 
former being represented by species of Zaphrcnlis, Omphyma, 
Cystiphyllum, Stromioi/es, Acerriilaria, Cyathophylhim, Sic. ; 
whilst the latter belong principally to the genera Favosiles, 
Choices, Halysiles, Syringopora, HelioHtcs^ and Fiasmopora. 
Amongst the Rjtgosa, the first appearance of the great and 
important genus Cyatkophyllum, so characteristic of the Palje- 
■ pzoic period, is to be noted ; and amongst the Tabulata 

! have similarly the first appearance, in force at any rale, 
the widely-spread genus Favosiles ~ the " Honeycomb- 

rals." The "Chain corals" (/fff/^J/to), figured below (fig, 59), 

e also very common examples of the Tabulate corals during 

5 period, though they occur likewise in the Lower SilMna-^i. 
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largely represented. We have no trace of the Holothurians 
or Sea-cucumbers ; but this is not surprising, as the record of 
the past is throughriut almost silent as to the former existence 
of these soft-bodied creatures, the scattered plates and spicules 
in their skin offering a verj' uncertain chance of preservation 
in the fossil condition. The Sea-urchins {Echinoids) are said 
to be represented by examples of the old genus Palischmus. 
The Star-fishes (Asteroids) and the Brittle-stars {Ophiuroids) 
are, comparatively speaking, largely represented , the former 
by species of Palasterina (fig. 60), Palitaster (fig, 60), Palao- 
coma (fig. 60), Pdraster, Glyptaster, and Lepidasler — and the 
latter by species of Protasier (fig, 61), Palaodiscus, Acroura^ 
and Eucladia. The singular Cystideatts, or " Globe Crinoids," 
with their globular or ovate, tesselated bodies (fig. 46, A, C, D,), 
are also not uncommon in the Upper Silurian ; and if they do 
not become finally extinct here, they certainly survive the close 
of this period by but a very brief time. By far the most im- 
portant, however, of the Upper SiLurian Echinoderms, are the 
Sea-lilies or Crinoids. The limestones of this period are often 
Jaigely composed of the fragmentary columns and detached 




beautiful organisms consist of a globular, ovate, or pear-shaped 
body (the " calyx "), supported upon a longer or shorter 
jointed stem {or " column "). The body is covered externally 
with an armour of closely-fitting calcareous plates (fig. 6a), and 
its upper surface is protected by similar but smaller plates 
more loosely connected by a leathery integument. From the 
upper surface of the body, round its margin, springs a series 
of longer or shorter flexible processes, composed of innu- 
merable calcareous joints or pieces, movably united v)\t.K wrc 
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are furnished with similar but more slender lateral branches 
or " pinnules," thus giving rise to a crown of delicate feathery 
plumes. The " column " is the stem by which the animal is 
attached permanently to the bottom of the sea ; and it is com- 
posed of numerous separate plates, so jointed together that 
whilst the amount of movement between any two pieces must 
be very limited, the entire column acquires more or less flexi- 
bility, allowing the organism as a whole to wave backwards and 
forwards on its stalk. Into the exquisite minutim of structure 
by which the innumerable parts entering into the composition 
of a single Crinoid are adapted for their proper purposes in 
the economy of the animal, it is impossible to enter here. No 
period, as before said, has yielded examples of greater beauty 
than the Upper Silurian, the principal genera represented 
being Cyatltecrinus, Platycrinus, Manufiiocrmus, Taxocrintts, 
Eucalyplocrimts, Ichtkyocrinus, Mariacrinus, Periechocrinus, 
Glyptocrinvs, Crotalocrinus, and Edrioirinus. 

The tracks and burrows of Aimelides are as abundant in 
the Upper Silurian strata as in older deposits, and have just 
as commonly been regarded as plants. The most abundant 
forms are the cylindrical, twisted bodies (Planolites), which are 
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the fiUed-up burrows of marine worms resembling the living 
Lob-worms. There are also various remains which belong to 
the group of the tube-inhabiting Annelldes {Tiibicoia). Of 
this nature are the tubes of Serpulites and CornulUes, and the 
,Ie spiral discs of Spirorbis Leu'isii. 

Amongst the Articulates, we still meet only with the remains 
Crustaceans. Besides the little bivalved OjCracdi/a— which 
occasionally found of the size of beans — and various 
Phylhpods of different kinds, we have an abundance of Trilo- 
bites. These last-mentioned ancient types, however, are now 
beginning to show signs of decadence ; and though still indi- 
vidually numerous, there is a great diminution in the number 
of generic types. Many of the old genera, which flourished 
so abundantly in Lower Silurian seas, have now died out; 
he group is represented chiefly by species of Chdrurus, 
Hurus, Harpcs, Proetus, Lichas, Acidaspis, Illanus, Caly- 
Hemalonotus, and Phacops — the last of these, one of the 




bites are represent ed^all, however, belonging to genera which 
have their commencennent in the Lower Silurian period. In 
addition to the above, the Ludtow rocks of Britain and the 
Lower Helderberg beds of North America have yielded the 
remains of certain singular Crustaceans belonging to (he. 
eslinct order of the Eurypterida. Some of these wonderful 
forms are not remarkable for their size ; but others, such as 
Pterygotus Angliats (fig. 65), attain a length of six feet or more, 
and may fairly be considered as the giants of their class. The 
Eurypterids are most nearly allied to the existing King-crabs 
(Limuii), and have the anterior end of the body covered with 
a great head-shield, carrying two pairs of eyes, the one simple 
and the other co"nipound. The feelers are converted into 
pincers, whilst the last pair of limbs have their bases covered 
with spiny teeth so as to act as jaws, and are flattened and 
widened out towards their extremities so as to ofl^ciate as 
swimming-paddles. 'ITie hinder extremity of the body is com- 
posed of thirteen rings, which have no legs attached to them ; 
and the last segment of the tail is either a flattened plate 01 a. 
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narrow, sword-shaped spine. Fragments of the skeleton are 
easily recognised by the peculiar scale like markings with 
which the surface is adorned, and 
which look not at all unlike the 
scales of a fish. The most fam- 
ous locality for these great Crus- 
taceans is Lesmahagow, in Lan- 
arkshire, where many different 
species have been found. The 
true King-crabs {Limuli) of exist- 
ing seas also appear to have been 
represented by at least one form 
{Ncolimtdm) in the Upper Silu- 

Coming to the Molhisca, we 
note the occurrence of the same 
great groups as in the Lower 
Silurian. Amongst the Sea- 
mosses {^Poly&oa), we have the 
ancient I^ce - corals (J-hiestel/a 
and Rdepora), with the nearly- 
allied Glauconome, and specie.s of 
Plilodiclya (fig. 66) ; whilst many 
forms often referred here may 
probably have to be transferred 
to the Corals, just as some so- , 
called Corals will ultimately be " i 
removed to the present group. j 

The Brachiopods continued \ 
to flourish during the Upper 

Silurian period in immense num- 

bers and under a greatly in- 
creased variety of forms. The three prominent Lower 
Silurian genera Orlhis, Strophomma. and LfpUena are still 
well represented, though they have lost their former pre- 
eminence. Amongst the numerous types which have now 
come upon the scene for the first time, or which havi 
special development, are Spiri/rra and Pentamerus. In the 
first of these (fig. 69, b, c), one of the valves of the shell (the 
dorsal) is furnished in its interior with a pair of great calca- 
reous spires, which served for the support of the long and 
fringed fleshy processes or " arms " which were attached to the 
sides of the mouth.* In the genus Pentamerm (fig. 70) the 
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shell IS cunously subdmded in its interior by calcareous 
plates The Fmtamtri commeuced their existence at the very 
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close of the Lower Silurian (Llandovery), and survived to the 
close of the Upper Silurian ; but they are specially character- 
istic of the May Hill and Wenlock groups, both in Britain 
and in other regions. One species, Pentamems galeatus, is 
common to Sweden, Britain, and America. Amongst the 
remaining Upper Silurian Brachiopods are the extraordinary 

usiully coiled into a spirrtl. These organs are known as the "arms." 
and it is from iheir preaence Ibal the name of " Brachlopoda " is derived 
(Gr. Iirathian, arm ; poda, feet). In some cases the arms are merely coiled 
away n'ithin the shell, witlioat a.ny aapport ; but in other cases tliey are 
carried upon a. more or less elaborate shelly loop, often spoken of as the 
" carriage. spring apparatus." In the Sfin/ers, and in other ancient 
genem, this apparatus is coiled op into a complicated ^.pira) (tig 67) It 





little of special interest ; for though sufficiently numerous, they 
are rarely well preserved, and their true affinities are often un- 
certain. Amongst the most charactenstiL centra of this period 
may be mentioned Cardiola (lig 71, AandC) and Pierhiea (fig. 
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71, B), though the latter survives to a much later date. The 
Univalves {Gasteropoda) are very numerous, and a few charac- 
teristic forms are here figured (fig. 72). Of these, no genus 
is perhaps more characteristic than Euomphalus (fig. 72, b), 
with its flat discoidal shell, coiled up into an oblique spiral, 
and deeply hollowed out on one side ; but examples of this 
group are both of older and of more modem date. Another 
very extensive genus, especially in America, is PhUycn-as (fig. 
12, a and/), with its Ihin fragile shell — often hardly coiled up 
at all — its minute spire, and its widely-expanded, often sinuated 
mouth. The British Aeroculia. should probably be placed 
here, and the group has with reason been regarded as allied 
to the Violet-snails {lanthina) of the open Atlantic The 
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(fig. 12, g), Holopella (fig. 72, ^), Platyschisma (fig. 
Cyelonema, Plturotomaria, Murchisonia, Troc/iomm't, &c 
'oceanic Univalves {HfUropods) are rep- 
lented mainly by species of Bellero- 
phm ; and the Winged Snails, or Plero- 
pods, can still boast of the gigantic TheoB 
and Coriufarice, which characterise yet 
older deposits. The commonest genus 
of Pteropoda, however, is Teiitaculilts {fig. 
73), which clearly belongs here, though 
it has commonly been regarded as the 
tube of an Aniielide. The shell in this 
group is a conical tube, usually adorned 
with prominent transverse rings, and Fig n.—TiKMcHiiicii,r- 
often with finer transverse or longitudi- Ful^an/fionh'jwl.:^ 
nal striae as well; and many beds of the 

Upper Silurian exhibit myriads of such tubes scattered promis- 
cuously over their surfaces. 



The last and highest group of the MolIusca—^zX of the 
Cephalopoda — is still represented only by Tetrabranchiate 
fornns; but the abundance and variety of these is almost 
beyond belief Many hundreds of different species are known, 
chiefly belonging to the straight Orthoceraiites, but the slightly- 
curved Cyrtoctras is only little less common. There are also 
numerous fonns of the genera Phragmoceras, Ascoceras, Gyr-o- 
ceras, LituiUs, and Nautilus. Here, also, are the first-known 
species of the genus Goniatites — a group which attains con- 
siderable importance in later deposits, and which is to be 
regarded as the precursor of the Ammonites of the Secondary 
period. 

Finally, we find ourselves for the first time called upon to 
consider the remains of undoubted vertebrate animals, in the 
form of Fishes. The oldest of these remains, so far as yet 
known, are found in the Lower Ludlow rocks, and they con- 
sist of the bony head-shields or bucklers 
of certain singular armoured fishes belong- 
mg to the group of the Ganoids, repre- 
sented at the present day by the Stur- 
geons the Gar pikes of North America, 
ind 1 few other less familiar forms. The 
principal Upper Silurian genus of these is 
Pteiaspts, and the annexed illustration (fig. 
74) mil give some idea of the extraordi- 
nary form of the shield covering the head 
in these ancient fishes. The remarkable 
Fg 74 Htdshtid stratum neir the top of the Ludlow for- 
LudT^n^i^^'cAftM mation known as the "bone-bed" has 
Mureiuwn) also yielded the remains of shark-like 

fishes Some of these, for which the name 
of Omhus has been proposed, are in the form of com- 
pressed, slightly-curved spines (fig. 75, A), which would appear 
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to be of the nature of the strong defensive spines implanted 
in front of certain of the fins in many living fishes. Besides 
these, have been found fragments of prickly skin or shagreen 
{Sphagodus), along with minute cushion -shaped bodies ( Thdo- 



ig. 75, B), which are doubtless the bony scales of some 
ish resembling the modem Dog-fishes. As the above mcuiiontd 
"remains belong to two distinct, and at the same time highly- 
organised, groups of the fishes, it is hardly likely thai we are 
really presented here with the first examples of this great class. 
On the contrary, whether the so-called " Conodonls " should 
prove to be the teeth of fishes or not, we are justified in ex- 
pecting that unequivocal remains of this group of animals will 
still be found in the Lower Silurian. It is interesting, also, to 
note that the first appearance of fishes— the lowest class of 
vertebrate animals^so far as known !o us ai present, does not 
take place until after all the great sub-kingdoms of invertebrates 
have been long in existence ; and there is no rea.son for think- 
ing that future discoveries will materially afiect the rtlalive 
" rder of succession thus indicated. 



Literature, 

I From Ibe vast and daily-iDcratsiog mass of Silurian literature, it is im- 
o do more than Bctect a small number of works which have a 
^ assicsl and hislorical interest lo the En glLih- speaking geolc^isl, or which 
embody researches on special groups of Silurian animals— anything like an 
enumeralion of all ihe works and papers on ihis subject being wholly out 
of the question. Apart, therefore, from numerous and in many cases 
exlremely important memoirs, by various well-known observers, bolh at 
home and abroad, the following are some of the more weighty works lo 
which Ihe student may refer in inverligaling ihe physical charaden and 
succession of the Silurian strata and their fossil contents : — 

(1) -Siluria.' Sir Roderick Murchison. 

(2) 'Geology of Russia in Europe.' Marehison (with M. de Verneuil 

and Count von Key>>erling). 

(3) 'Boasiu Silurien de Boheme Cenlrale.' Barrande. 

I>(4) 'Introduction lo the Catalogue of Briliah Palffoioie Fossils in the 
Woodwardian Museum of Cambridge. ' Sedgwick. 
(E) 'Die Ura-elt Rusalands.' Eichwald. 
1(6) 'Report on the Geology of I^ndonderry, Tyrone,* &c. Porilock. 
f ft) "Geoiogyof North Wales"— -Mem, Geol. Survey of Great Britain," 
■ vol. iii. Ramsay. 

Geology of Canada,' 1863. SirW. E. Logan; and Uie ' Reports of 
Progress of the Geological Survey ' since 1S63. 
(9) 'Memoirs of the Geolr^ical Survey of Great Britain.' 
" ' ' Reports of the Geological Surveys of the Slates of New York, 
Illinois, Ohio, Towa, Michigan, Vermont, Wisconsin, Minne- 
sota," ic. By .Emmons, Hall, Worthen, Meek, Newbeny, 
Orton, Winehell, Dale Owen, &c 
) 'Thciaufus Siluricus.' Bigsby. 
;) ' British Vilteoioic Fossils.' M'Coy. 
[13) ' Synopsis of the Silurian Fossils of Ireland,' M'Coy. 
.4) " Appendix lo Ihe Geology of North Wales " — 'Mem. GeoL Sorvcy,' 
vol. iil Salter, 
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• HISTORICAL PAL,EONTOLOGY. ^^^^^^ 

) ' Calalogue of the Cambrian and Silurian Fossils in the Woodward- 
Tan Museum of Cambridge. ' Salter. 

) 'Characteristic British Fossils.' Baily. 

) 'Catalogue of British Fossils.' Morris. 

<) ' Palaeozoic Fossils of Canada. ' Billings. 

) 'Decades of the Geolc^cal Survey of Canada.' Billings, Salter, 
Rupert Jones. 

') ' Decades of (heGeoIogical SurveyoiGreat Britain. Salter, Edward 

) 'Palamntology of NewVotk; vols, i.-iii. Hall. 

) ■PalieontoU.gy of Illinois.' Meek and Worthen. 

) ' Palieontology of Ohio. ' Meek, Hall, Whilfield, Nicholson. 

) 'Silurian Fauna of West Tennessee' (Silurische Fauna des West- 
lichen Tennesiiee). Ferdinand Rremer. 

) 'Reporlson the Stale Cabinet of New York.' HalL 

■) ' Lethsa Geognostica. ' Broun. 

) ' Index Pal»inlologicus.' Bronn. ^_ 

) ' Lethxa Rossica.' Eichwald. ^^M 

) ' Lethzea Suecica.' Hisinger. ^^M 

) ' Pal^Eontoli^ca Suecica.' Angelin. ^H 

) ' Petrefacla Germanise.' Goldfuss. T^| 

) ' VersteineruQgen der Grauwacken-Fonnation in Sachsen.' Geiniti. 

) 'Organisation of Trilobiles' (Ray Society). Burmeiater. 

) 'Moni^niphof the British Trilobites' (Palieonlographical Society). 
Salter. 

) ' Monographof the British Merostomata' (Pal^eontographical Society). 
Henry Woodward. 

) Monograph of British Brachiopoda' (Palteontographica! Society). 
Thomas Davidson. 

) ' Graptoliles of the Quebec Group.' James Hall. 

) ' Monograph of the British Graplolitidfe.' Nicholson. 

) ' Monographs on the Trilobites, Pteropods, Cephalopods, Graplo- 
htes,' &c. Eittracted from the " Systemc Silurien du Centie de 
la Boh^e.' Barrande. 

) ' Polypiera Fossiles des Terrains Paleozoiques,' and ' Monograph of 
the British Corals' (Paliontographica) Society}. Milne Ed- 
wards and Jules Haime. 



CHAPTER XI. 



THE DEVONIAN AND OLD RED SANDST0NE\ 
PERIOD. 



Between the summit of the Ludlow formation and the stn 
which are universally adcnitted to belong to the Carbonifero 
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N AND OLD RED PERIOD. 

ies is a great system of deposits, to which the name of " Old 
Led Sandstone" was originally applied, to distinguish them 
from certain arenaceous strata which lie above the coal (" New 
Ked Sandstone"). The Old Red Sandstone, properly so 
called, was originally described and investigated as occurring 
in Scotland and in South Wales and its borders ; and similar 
strata occur in the south of Ireland. Subsequently it was 
discovered that sediments of a dilTerent mineral nature, and 
containing different organic remains, intervened between the 
^Silurian and the Carboniferous rocks on the continent of Eii- 
and strata with similar palasontological characters to these 
'ere found occupying a considerable area in Devonshire. The 
lame of " Devonian" was applied to these deposits; and Ais 
title, by common usage, has come to be regarded as synony- 
mous with the name of "Old Red Sandstone." lastly, a 
magnificent series of deposits, containing marine fossils, and 
undoubtedly equivalent to the true " Devonian '' of Devon- 
shire, Rhenish IVussia, Belgium, and France, is found to inter- 
vene in North America between the summit of the Silurian 
and the base of the Carboniferous rocks. 

Much difficulty has been felt in correlating the true " Devon- 
ian Rocks" with the typical "Old Red Sandstone" — this diffi- 
culty arising from the fact that though both formations are 
fossil iferous, the peculiar fossils of each have only been rarely 
and partially found associated together. The characteristic 
crustaceans and many of the characteristic fi.shes of the Old 
Red are wanting in the Devonian ; whilst the corals and 
marine shells of the latter do not occur in the former. It is 
litnpossible here to enter into any discussion as to the merits 
gt the controversy to which thia difficulty has given origin. 
No one, however, can doubt the importance and reality of the 
~ ' s an independent system of rocks to be in- 

i^alated in point of time between the Silurian and the Car- 
Kiniferoui The want of agreement, both lithologically and 
mtologically, between the Devonian and the Old Red, 
\ be explained by supposing that these two formations, 
though wholly or in great part contemporaneous, and therefore 
strict equivalents, represent deposits in two different geographi- 
cal areas, laid down under different conditions. On this view, 
rdie typical Devonian rocks of Europe, Britain, and North 
' merica are the deep-sea deposits of the Devonian period, or, 
t any rate, are genuine marine sediments formed far fron> 
; other hand, the " Old Red Sandstone " of 
Jritain and the corresponding "Gaspe Group" of Eastern 



Canada represent the shallow-water shore-depgsits of the si 

period. In fact, the former of these last - mentioned 

posits contains no fossils which can be asserted positively 
to be marine (unless the Eurypterids be considered so) ; and 
it is even conceivable that it represents the sediments of an 
inland sea. Accepting this explanation in the meanwhile, 
we may very briefly consider the general succession of the 
deposits of this period in Scotland, in Devonshire, and in 
North America. 

In Scotland the " Old Red " forms a great series of arena- 
ceous and conglomeratic strata, attaining a thickness of many 
thousands of feet, and divisible into three groups. Of these, 
the Ijnver Old Red Saridslorie reposes with perfect conform- 
ity upon the highest beds of the Upper Silurian, the two for- 
mations being almost inseparably united by an intermediate 
series of "passage-beds." In mineral nature this group con- 
sists principally of massive conglomerates, sandstones, shales, 
and concretionary limestones ; and its fossils consist chiefly of 
large crustaceans belonging to the family of the Eurypterids, 
fishes, and plants. The Middle Old Red Sandstone consists of 
flagstones, bituminous shales, and conglomerates, sometimes 
with irregular calcareous bands ; and its fossils are principally 
fishes and plants. It may be wholly wanting, when the Upper 
Old Red seems to repose unconformably upon the lower divi- 
sion of the series. The Upper Old Red Sandstmte consists of 
conglomerates and grits, along with a great series of red and 
yellow sandstones — the fossils, as before, being fishes and re- 
mains of plants. The Upper Old Red graduates upwards 
conformably into the Carboniferous series. 

The Devonian rocks of Devonshire are likewise divisible 
into a lower, middle, and upper division. The Lower 
Devonian or Lynion Group consists of red and purple sand- 
stones, with marine fossils, corresponding to the "Spirifer 
Sandstein " of Germany, and to the*arenaceoiis deposits (Scho- 
harie and Cauda-Galli Grits) at the base of the American 
Devonian. The Middle Deiwnian or Ilfraconibe Group consists 
of sandstones and flags, with calcareous slates and crystalline 
limestones, containing many corals. It corresponds with the 
great " Eifel Limestone" of the Continent, and, in a general 
way, with the Comiferous Limestone and Hamilton group of 
North America. The Upper De^mnian or Pilton Group, lastly, 
s of sandstones and calcareous shales which correspond 
with the " Clymenia Limestone " and " Cypridina Shales " of 
' " ■ t, and with the Chemung and Portage groups of 




i 



fonh America. It seetns quite possible, also, that the so- 
"called "Carboniferous Slates" of Ireland correspond with 
this group, and that the former would be more proi>erly re- 
garded as forming the summit of the Devonian than the 
base of the Carboniferous. 

country in the world, [irobably, is there a finer 
ta more comjilele exposition of the strata intervening be- 
'eeti the Silurian and Carboniferous deposits than in the 
nited States. The following are the main subdivisions 
the Devonian rocks in the State of New York, where 
le series may be regarded as being typically developed 
J. 67)-- 

(i) Cauda-Gaili Grii axiA Schoharie Grit. — Considering the 
Oriskany Sandstone '' as the summit of the Upper Silurian, 
le base of the Devonian is constituted by the arenaceous 
:posits known by the above names, which rest quite conforra- 
ily upon the Silurian, and which represent the Lower 
of Devonshire. The Cauda-GalH Grit is so called 
im the abundance of a peculiar s|>iral fossil {Spirophyton 
'da-Gai/i), which is of common occurrence in the Carbon- 
lus rocks of Britain, and is supposed to be the remains 
sea-weed. 

{2) The Corni/ervus or Upper Helderberg Limestone. — A 
ies of limestones usually charged with consiilerabie quan- 
tities of siliceous matter in the shape of hornstone or chert 
(Lat. comu, horn). The thickness of this group rarely exceeds 
300 feet; but it is replete with fossils, more especially with 
the remains of corals. The Comiferoiis Limestone is the 
equivalent of the coral-bearing limestones of the Middle De- 
vonian of Devonshire and the great " Eifel Limestone" of 
Germany. 

(3) The Hamilton Group — consisting of shales at the base 
Marcellus shales"); flags, shales, and impure limestones 
Hamilton beds") in the middle ; and again a series of shales 

("Genesee Slates") at the top. The thickness of this group 
varies from 200 to 1200 feet, and it is richly charged with 
marine fossils. 

(4) The Portage Group.- — A great series of shales, flags, and 
shaly sandstones, with few fossils. 

(5) The Chemung Group. — Another great series of sand- 
stones and shales, but with many fossils. The Portage and 
Chemung groups may be regarded as corresponding with the 
Upper Devonian of Devonshire. The Chemung beds are 
succeeded by a great series of red sandstones and shales^the 
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" Caiskill Group " — which pass confonnably upwards into tl 
Carboniferous, and which may perhaps be regarded ; 
equivalent of the great satidstones of the Upper Old Red ii 
Scotland. 

Throughout the entire series of Devonian deposits in Norti 
America no unconformabiliiy or physical break of any kin 
has hitherto been detected ; nor is there any marked interrup- 
tion to the current of life, though each subdivision of the series 
has its own fossils. No completely natural line can thus be 
indicated, dividing the Devonian in this region from the Silu- 
rian on the one hand, and the Carboniferous on the other 
hand. At the same time, there is the most ample evidence, 
both stratigraphical and palteon to logical, as to the complete 
independence of the American Devonian series as a distinct 
life-system between the older Silurian and the later Carbon- 
iferous. The subjoined section (fig. 76) shows di^;ramniati- 
cally the general succession of the Devonian rocks of North 
America. 

As regards the /i/d of the Devonian period, we are now 
acquainted with a large and abundant terrestrial ^ara — this 
being the first time that we have met with a land vegetation 
capable of reconstruction in any fulness. By the researches 
of Gosppert, Unger, Dawson, Carruthers, and other botanists, 
a knowledge has been acquired of a large number of Devonian 
plants, only a few of which can be noticed here. As might 
have been anticipated, the greater number of the vegetable 
remains of this period have been obtained froin such shallow- 
water deposits as the Old Red Sandstone proper and the Gaspfe 
series of North America, and few traces of plant-life occur in 
the strictly marine sediments. Apart from numerous remains, 
mostly of a problematical nature, referred to the comprehensive 
group of the Sea-weeds, a large number of Ferns have now 
been recognised, some being of the ordinary ])lant-like type 
{Pecopteris, Neuropteris, Alethopteris, Sphmopteris, &a), whilst 
others belong to the gigantic group of the "Tree -ferns" 
(Psaronius, Caulopttris, &c.) Besides these there is an abun- 
dant development of the singular extinct types of the Lepido- 
dendroids, the Sigillarieids, and the Catamites, all of which 
attained their maximum in the Carboniferous. Of these, the 
Lepidodmdra may be regarded as gigantic, tree-like Club-mosses 
(Lywpodiaeece) \ the Calamites are equally gigantic Horse-tails 
\Equisaacea) ; and the Sigillarioids, equally huge in size, in 
some respects hold a posirion intermediate between the Club- 
mosses and the Pines {Conifers). The Devonian rocks have 
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I yielded traces of many other plants (such as Annularia, 
^.sterophyllites, Cardiocarpon, &c.), which acquire a greater pre- 
dominance ill the Carboniferous period, and which will be 
spoken of in discussing the structure of the plants of the Coal- 
measuies. Upon the whole, the one plant which may be con- 
sidered as specially characteristic of the Devonian (though not 
confined to this series) is the Piilophyton (fig. 77) of Dr Daw- 
son. These singular plants have slender branching stems, 
with sparse needle-shaped leaves, the young stems being at 
first coiled up, crosier- fashion, like the young fronds of ferns, 
whilst the old branches carry numerous spore-cases. The 



stems and branches seem to have attained a height of two or 
three feet; and they sprang from prostrate "root-stocks" or 
creeping stems. Upoii the whole, 
Principal Dawson is disposed to 
regard PsUophytoti as a "general- 
ised type" of plants intermediate 
between the Ferns and tlie Club- 
mosses, lastly, the Devonian de- 
posits have yielded the remains of 
the first actual trees with which we 
are as yet acquainted. About the 
nature of some of these {Ornioxylim 
and Dadoxylon) no doubt can be 
entertained, since their trunks not 
only show the concentric rings of 
growth characteristic of exogen- 
ous trees in general, but their 
woody tissue exhibits under the 
microscope the "discs" which are 
characteristic of the wood of the 
Pines and Firs (j« fig. z). The 
singular genus Protutaxites, how- 
ever, which occurs in an older por- 
tion of the Devonian series than 
the above, is not in an absolutely 
unchallenged position. By Prin- 
cipal Dawson it is regarded as the 
trunk of an ancient Coniffr—'i\\t 
most ancient known ; but Mr 
Carruthers regards it as more pro- 
bably the stem of a gigantic sea- 
weed. The trunks of Prototaxiies 
(fig. 78, A) vary from one to three 
feet in diameter, and exhibit con- 
centric rings of growth ; but its 
woody fibres have not hitherto 
been clearly demonstrated to pos- 
sess riipcs. Before leaving the 
lay be mentioned that the hornstone 
or chert so abundant in the Corniferous hmestone of North 
America has been shown to contain the remains of variotis 
microscopic plants (Diatoms and Desmiiis). We find also in 
the same siliceous material the singular spherical bodies, with 
radiating spines, which occur so abundantly in the chalk flints, 
and which are termed Xanthidia. These may be regarded 
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The Devonian Prolozotns have still to be fully investigat- 
ed Inie Sjonges (such as Astraoipon^la, Spharoipongia, 
&c) are not unknown , but by far the cummonest repre- 
sentatives of this sub kingdom m the Devonian strata are 
Sitomafopora and its allies These singular organisms (fig, 
79) are not only verj ibundant in some of the Devonian lime- 
stones — both in the Old World and the New— but they often 
attain very large dimensions. However much they may differ 
in minor details, the general structure of these bodies is that 
of numerous, concentrically-arranged, thin, calcareous larainas, 
separated by narrow interspaces, which in turn are crossed by 
numerous delicate vertical pillars, giving the whole mass a 
cellular structure, and dividing it into innumerable minute 
quadrangular compartments. Many of the Devonian Siromatt>- 
porce also exhibit on their surface the rounded openings of 
canals, which can hardly have served any oiher purpose than 
that of permitting the sea-water to gain ready access to every 
part of the organism. 

No true Graptolites ha\e ever been detected in strata of 



Devonian age ; and the whole of this group has become ex- 
tinguished — unless we refer here Uie still surviving £>ii:iyoiu - 
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The Ctelenta-afis, however, are represented by a vast number 
of Corals, of beautiful forms and very varied types. The 
marbles of Devonshire, the Devonian limestones of the Eifel 
and of France, and the calcareons strata of the Corniferous 
and Hamilton groups of America, are often replete with the 
skeletons of these organisms — so much so as to sometimes 
entitle the rock to be considered as representing an ancient 
coral-reef. In some instances the Corals have preserved their 
primitive calcareous composition ; and if they are embedded 
in soft shales, they may weather out of the rock in almost all 
their original perfection. In other cases, as in the marbles of 
Devonshire, the matrix is so compact and crystalline that the 
included corals can only be satisfactorily studied by means of 
polished sections. In other cases, again, the corals have been 
more or less completely converted into flint, as in the Cornifer- 
ous limestone of North America. When this is the case, they 
:, by the action of the weather, to stand out from 



the many forms of these, the species of Cyailiophyllum, Hdio- 
phyllum (fig. 82), Zaphrentis (fig. 81), and Cydiphyllum (fig. 80), 
are perhaps those most abundantly represented — none of ihese 
genera, however, except Hdiophylluin, being peculiar to the 
IJevonian period. There are also numerous compound Ru- 
gose corals, such as species of Eridopkyllum, Diphypkyl- 
lum, Syringopora, Phillipsasirma, and some of the fonns of 
Cyathophyllum and Crcpidophylliim (fig. 83). Some of these 
compound corals attain a very lai^e size, aud form of theab- 




selves regular beds, which have an analogy, at any rate, with 
existiog coral-reefs, though there are grounds for believing that 
these ancient types differed from the modem reef-builders in 
being inhabitants of deep water. The " Tabulate Corals " are 
hardly less abundant in the Devonian rocks than the Rugosa; 
and being invariably compound, they hardly yield to the latter 
in the dimensions of the aggregations which they sometimes 

The commonest, and at the same time the largest, of these 
are the "honeycomb corals," forming the genus FavostUs 
(figs. 84, 85), which derive both their vernacular and their 
technical names from their great likeness to masses of petrified 
honeycomb. The most abundant species are Favosiies Gffth- 
landica and F. hemispherica, both here figured, which form 
masses sometimes not less than two or three feet in diameter. 
Whilst Fiivosites has acquired a popular name by its honey- 
combed appearance, the resemblance of Mkhelinia to a fossil- 




non-scientific public. In addition to ihese, there are numer- 
ous branching or plant-like Tabulate Corals, often of ihe most 
graceful form, which are distinctive of the Devonian in all 
parts of tlie world. 

The Echinedtrms of the Devonian period call for little 
special notice. Many of the Devonian limestones are "crin- 
oidal ;" and the Crimids are the most abundant and widely- 
distributed representatives of their class in the deposits of 
this period. 

The Cystideans, with doubtful exceptions, have not been 
recognised in the Devonian ; and iheir place is taken by the 
allied group of the " Pentreraites," which will be further spoken 
of as occurring in the Carboniferous rocks. On the oilier hand, 
the Star-fishes, Brittle-stars, and Sea-urchins are all continued 
by types more or less closely allied to those of the preceding 
Upper Silurian. 

Of the remains of Ringed-worms {Annelida), the most numer- 
ous and the most interesting are the calcareous envelopes of 
some small tube-inhabiting species. No one who has visited 
ihe seaside can have failed to notice the little spiral tubes of 
the existing Spirorbis growing attached to shells, or covering 
the fronds of the commoner Seaweeds {especially Fucus ser- 
ratus). These tubes are inhabited by a small Annelide, and 
structures of a similar character occur not uncommonly from 
the Upper Silurian upwards. In the Devonian rocks, .~ 
orbis is an extremely common fossil, growing in hundreds 
attached to the outer suriace of corals and shells, and appearing 
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; liable to escape a 
cursory examination. 

The Crustaceans of 
tlie Devonian are ■^xxti- 
c\\)a\\y £uryp/erids and 
Trilobites. Some of the 

former attain , 

dimensions, and the 
quarrymen i nth e Scotch 
Old Red give them the 
of " seraphim," 
from their singular 

tion. The Trilobiies, 
though still sufficiently 
abundant in some local- 
:, have undergone a 
yet further diminution 
since the close of the 
Upper Silurian. In boUi 
America and Europe 
quite a number of gen- 
eric types have survived from the Silurian, but few or no new 
ones make their appearance during this period in either the Old 
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incipal fonns belong to the genera PHaeops (fig. 83, a, c, d\ 
^Homalonotus (fig. 88, b), Proetus, and Bronlai.i. The species 

.ired above under llie name of Phacops latifrons (fig. 88, a), 
almost world-wide distribution, being found in the 

ivonian of Britain, Belgium, France, Germany, Russia. Spain, 

id Soitlh America ; whilst its place is taken in North Arae- 
by the closely-allied Phacops rana. In addition to the 

'Mites, the Devonian deposits have yielded the remains of 

number of the minute Oslraaida, such as Enlomis (" Cypri- 
'), Leperditia^ &c., which sometimes occur in vast num- 
as in the so-called " Cypridina Slales " of the German 
nian. There are also a few fomis of Phyllopods (Es- 
Xherid). Taken as a whole, the Crustacean fauna of the 
Devonian period presents many alliances with that of the 
Upper Silurian, but has only slight relationships with thai of 
the Lower Carboniferous. 

Besides Crustaaans, we meet here for the first time with 
the remains of air-breathing Articulates, in the shape of Insects. 
So far, these have only been obtained from the Devonian 
rocks of North America, and they indicate the existence of at 
least four generic types, all more or less allied to the existing 
May-flies (Ephemerida). One of these interesting primitive 
insects, namely, Platephemera antiqua (fig. 89), appears to have 
measured five inches in ex- 
panse of wing; and another 
{XeHorieura antiquorum) has 
attached to its wing the re- 
mains of a " stridulating- 
organ " similar to that pos- 
sessed by the modem Grass- 
hoppers — the instrument, as 
Principal Dawson remarks, 
of " the first music of living 
things that Geology as yet 
reveals to us." 

Amongst the Mollusca, the Devonian rocks have yielded a 

rat number of the remains of Sea-mosses {Polyzoa). Some 
belong to the ancient type Ptilodietya, which seems to 
disappear here, or to the allied Clathropora (fig. 90), with its 
'fenestrated and reticulated fronds. We meet also, with the 
graceful and delicate stems of Ceriopora (fig. 91). 

The majority of the Devonian Polysoa belong, however, to 
the great and important Palfeozoic group of the Lace-corals 
XfFenestella, figs. 92 and 94, Retepora, fig. 93. Polypora, and 
" In all these forms there is a horny skeleton, of a 









divei^ing or nearly parallel branches, which are either united 
by delicate cross bars, or wiiich bend alternately from side to 
side, and become directly united with one another at short 
intervals — in either case giving origin to numerous oval or 
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oblong perforations, which communicate to the whole plant- 
like colony a characteristic netted and lace-like appearance. 
On one of its surfaces— sometimes the internal, sometimes the 
external-^the frond carries a number of minute chambers or 
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"cells," which are generally borne in rows on [lie brandies, 
and of which each originally contained a mmutc animal. 

The Brachiopods still continue to be represenled in greal 
force through all ihe Uevonian deposifs. though not occurring 
in the true Old Red Sandstone. Besides such old types as 
Orikis, Sirophomena, Lingula, Athyn's, and Rhytichoneila, we 
find some entirely new ones ; whilst various types which only 
commenced iheir existence in the Upper Silurian, now under- 
go a great expansion and development This last is especially 
the case with the two families of the Spiriferidas and the Pro- 
dudida. The Spirifers, in particular, are esjwcially character- 
istic oflhe Devonian, both in the Old and New Worlds— some 
of the most typical forms, such as Spirifera mucrenafa (fig. 96), 
having the shell " winged," or with the lateral angles prolonged 
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f to such an extent as to have earned for them the popular name 
" fossil-butterflies." The closely-allied Spin/era disjuncta 
occurs in Britain, France, Spain, Belgium, Germany, Russia, 
and China. The family oflhe Productida commenced to exist 
in the Upper Silurian, in the genus Choaetes ; and we shall 
heieafter find it culminating in the Carboniferous in many 
forms of the great genus Producia* itself In the Devonian 
period, there is an intermediate state of things, the genus 
Chonetci being continued in new and varied types, and the 
Carboniferous Products being represented by many forms of 
the allied group Produdella. Amongst other well-known De- 
vonian Brachiopods may be mentioned the two long-lived and 
persistent types Atiypa reticularis (fig. 97) and StropAomcfia 
rfumboidalis (fig, 98). The former of these commences in the 
Upper Silurian, but is more abundantly developed in the De- 
vonian, having a geographical range that is nothing less than 
world-wide; whilst the latter commences in the Lower Silurian, 




The latter, with its fragile, conical, and often b 
[blly orramenied shell, is especially noticeable. 
r The remains aK Cephahpoda are lar from unconimon i 
pevonian deposits, all the known forms 
■ eing still Tetrabranchiate. Besides the 
iucient types Orthoceras and Cyrtoceras, 
have now a predominance of the 
rally-coiled chambered shells of Goni- 
i^itfiM and Clymtnia. In the former of 
these the shell is shaped like that of the 
Nautilus; but the partiliuns between the 
mbers (" septa ") are more or less 

^6bed, folded, or angulated, and the 

'""siphuncle" runs along ihe back or con- 
vex side of the shell — these being char- 
acters which approximate Gonialitti to 
the true Ammonites of the later rocks. 
In Clymtnia, on the other hand, whilst 
the shell (fig, loi) is coiled into a flat 
spiral, and the partitions or septa are 

.jsimple or only slightly lobed, there is still 
diis difference, as compared with the Nautilus, that 
me siphuncle is placed on the inner or concave s 




their range ; and some of the limestones of this period in 
Germany are so richly charged with fossils of this genus as to 
have received the name of" Clymenien-kalk." 

The sub-kingdom of the Vertebrates is siiil represented by 
Fishes only ; but these are so abundant, and belong to such 
varied types, that the Devonian period has been appropriately 
called the " Age of Fishes." Amongst the existing fishes there 
are three great groups which are of special geological import- 
ance, as being more or less extensively represented in past time. 
These grou|is are : (i) The £my Fis/us {Teleostd), comprising 
most existing fishes, in which the skeJeton is mpre or less com- 
pletely converted into bone ; the tail is symmetrically lobed or 
divided into equal moieties ; and the scales are usually thin, 
homy, flexible plates, which overlap one another to a greater 
or less extent. (2) The Ganoid Fishes (Ganoiiiei), comprising 
the modem Gar-pikes, Sturgeons, &c, m which the skeleton 
usually more or less completely retains its primitive soft and 
cartilaginous condition ; the tail is generally markedly unsym- 
metrical, being divided into two unequal lobes; and the scales 
(when present) have the form of plates of bone, usually cov- 
ered by a layer of shining enamel. These scales may overlap ; 
or they may be rhomboidal plates, placed edge to edge in 
oblique rows ; or they have the form of large-sized bony plates, 
which are commonly united in the region of the head to form 
a regular buckler. (3) The Placoid Fishes, or Elasmobranehii, 
comprising the Sharks, Rays, and Chimara of the present day, 
in which the skeleton is cartilaginous ; the tail is unsymmetri- 
cally lobed ; and the scales have the form of detached bony 
plates of variable size, scattered in the integument 

It is to the two last of these groups that the Devonian fishes 
belong, and they are more specially referable to the Ga?wids. 
The order of the Ganoid fishes at the present day comprises 
but some seven or eight genera, the species of which princi- 
pally or exclusively inhabit fi'esh waters, and all of which are 
confined to the northern hemisphere. As compared, there- 
fore, with the Bony fishes, which constitute the great majority 
of existing forms, the Ganoids form but an extremely small and 
hmited group. It was far otherwise, however, in Devonian 
times. At this period, the bony fishes are not known to have 
come into existence at all, and the Ganoids held almost undis- 
puted possession of the waters. To what extent the Devonian 
Ganoids were confined to fresh waters remains yet to be proved ; 
and that many of them lived in the sea is certain. It was 
formerly supposed that the Old Red Sandstone of Scotland 
and Ireland, with its abundant fish-remains, might perhaps be 
a fresh-water deposit, since the habitat of its fishes is uncei- 



tain, and it contains do indubitable marine Tossils. It has 
been now shown, however, thai the marine Devonian strata of 
Devonshire and the continent of Europe contain some of the 
most characteristic of the Old Red Sandstone fishes of Scot- 
land ; whilst the undoubted marine deposit of the Comiferous 
limestone of North America contains numerous shark-like and 
Ganoid fishes, including such a characteristic Old Red genus 
as Coieosteus. There can be little doubt, therefore, but that the 
majority of the Devonian fishes were tnily marine in their habits, 
though it is probable thai many of ihem lived in shallow water, 
in the immediate neighbnnrhood of the shore, or in estuaries. 
The Devonian Ganoids belong to a number of groups ; and 




more or less remotely, by a few Devonian fishes — -such as As- 
tfrosteui ; and the great Maa-opetalkhthys of the Comiferovis 
limestone of North America is believed by Newberry to belong 
to ihis group, In this fish {fig. loa, b) the skull was of large 
size, its outer surface being covered with a tuberculaied en- 
amel ; and, as in the existing Sturgeons, the mouth seems to 
have been wholly destitute of teeth. Somewhat allied, also, to 
the Sturgeons, is a singular group of armoured fishes, which is 
highly characteristic of the Devonian of Britain and Europe, 
and less so of that of America. In these curious forms the 
head and front extremity of the body were protected by a 
buckler composed of large enamelled plates, more or less 
firmly united to one another ; whilst the hinder end of the body 
was naked, or was iirolected with small scales. Some forms of 
this group — such as Pteraspis and Coccosteus — date from the 
Upper Silurian ; but they attain their maximum in the Devo- 
nian, and none of them are known to pass upwards into the 
overlying Carboniferous rocks. Amongst the most character- 
istic forms of this group may be mentioned Cffi/ialaspis {fig. 
103) and Pterichthys (fig. 104). In the former of these the 




id. (After Page.) 

head-shield is of a crescentic shape, having its hinder angles 
produced backwards into long " horns," giving it the shape of 
a "saddler's knife." No teeth have been discovered; but the 
body was covered with small ganoid scales, and there was an 
unsymmetrical tail-fin. In FUrichthys — which, like the preced- 
ing, was first brought to light by the labours of Hugh Miller— 
the whole of the head and the front part of the body were de- 
fended by a buckler of firmly-imited enamelled plates, whilst 
the rest of the body was covered with small scales. Tlie form 
of the "pectoral fins" was quite unique — these having 
shape of two long, curved spines, somewhat like wings, covi 
by finely-tuberculated ganoid plates. All the preceding fc 




r of this group are of small size ; but few fishes, living or extinct, 
I could rival ihe proportions ol the great DiniclUhys, referred to 



Fig. \c^.—PirrKhlhytc<mmtm. Old Btil Sandsionc, Scnllinel. (Afw. AginJr.) 

this family by Newberry. In this huge fish (fig. loi, d) the 
head alone is over three feet in length, and the body is sup- 
posed to have been twenty-five or thirty feet long. The head 
was protected by a massive cuirass of bony plates firmly articu- 
lated together, but the hinder end of the body seems to have 
been simply enveloped in a leathery skin. 'I'he teeth are of 
the most formidable description, consisting in botli jaws of 
serrated dental plates behind, and in front of enormous coni- 
cal tusks (fig. I02, a). Though immensely larger, the teeth of 
Dinichthys present a curious resemblance to those of the exist- 
ing Mud-fishes i^Lepidosiren). 

In another great group of Devonian Ganoids, we meet with 
fishes more or less closely allied to the living Fofypteri {d^. 
105) of the Nile and Senegal. In this group (fig. 106) the 
pectoral fins consist of a central scaly lobe carrying the fin- 
rays on both sides, the scales being sometimes rounded and 
overlapping (fig. loC), or more commonly rhomboidal and 
placed edge to edge (fig. 105, A). Numerous forms of these 
" Fringe-finned " Ganoids occur in the Devonian sirala, such 
as Holoptychlus, Glyptolamus, Oslea/epis, Phancroplfuron, &c. 
To this group is also to be ascribed the huge Oaychodus (fig. 
102, i/ and /), with its large, rounded, overlapping scales, an 
inch in diameter, and its powerful pointed teeth. It is to be 
remembered, however, that some of these " Fringe -finned" 
Ganoids are probably referable to the small but singular group 
of the " Mud-tishes " {piptwi), represented at the present day 
by the singular Lepidosirm of South America and Africa, and 
the Ceratodvs of the rivers of Queensland. 
^ Leaving the Ganoid fishes, it still remains lo be noticed that 

: Devonian deposits have yielded the remains of a number 
IE fishes more or less closely allied to the existing Sharks, 




Dog-fishes, but to the more peaceable " Port Jackson Sharks," 
with their Ijkmt teeth, adapted for crushing the shells of Mol- 
luscs. The collective name of " Cestracionts " is applied to 
these; and we have evitlence of their i>ast existence in the 




n seas both by their teeth, and by the defensive spines 
which were implanted in front of a greater or less number o' 
the fins. These are bony spines, often vanously grooved, 
serrated, or ornamented, with hollow bases, implanted in the 
integument, and capable of being erected or depressed at will 



[any of these " fin-spines " have been preserved to us in the 
ssU condition, and the Devonian rocks have yielded examples 
T)cionging to many genera. As some of the true Sharks and 
Dog-fishes, some of the Ganoids, and even some Bony Fishes, 
possess similar defence?, it is often a matter of some uncer- 
tainty to what group a given spine is to be referred. One of 
these spines, belonging to the genus Machcsracanthvs, from the 
Devonian rocks of America, has been figured in a previous 
illustration (fig. 102, f). 

In conclusion, a very few words may be said as to the 
validity of the Devonian series as an independent system of 
rocks, preserving in its successive strata the record of an 
independent system of life. Some high authorities have been 
inclined to the view that the Devonian formation has in nature 
no actual existence, but that it is made up partly of beds 
which should be referred to the summit of the Upper Silurian, 
and partly of beds which properly belong 10 the base of the 
Carboniferous. This view seems to have been arrived at in 
consequence of a too exclusive study of the Devonian series 
of the British Isles, where the physical succession is not wholly 
clear, and where there is a striking discrepancy between the 
organic remains of those two members of the series which are 
known as the "Old Red Sandstone" and the "Devonian" 
rocks proper. This discrepancy, however, is not complete ; 
and, as we have seen, can be readily explained on the sup- 
position that the one group of rocks presents us with the 
shallow water and littoral deposits of the period, while in the 
other we are introduced to the deep-sea accunmlations of the 
same period. Nor can the problem at issue be solved by an 
appeal to the phenomena of the British area alone, be the 
testimony of these what it may. As a matter of fact, there is 
at present no sufficient ground for believing that there is any 
irreconcilable discordance between the succession of rocks 
and of life in Britain during the period which elapsed between 
the deposition of thfe Upper Ludlow and the formation of the 
Carboniferous T.imestone, and the order of the same phe- 
nomena during the same period in other regions. Some of 
the Devonian types of life, as is the case with all great forma- 
tions, have descended unchanged from older types ; others 
pass upwards unchanged to the succeeding period ; but the 
fauna and flora of the Devonian period are, as a whole, quite 
distinct from those of the preceding Silurian or the succeeding 
Carboniferous ; and they correspond to an equally distinct 
)Gk-system, which in point of time holds an inCemiediate 
Kition between the two great groups just mentioned. As 
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before remarked, ihis conclusion may be regarded as ! 

ciently proved even by the phenomena of the British s 

but it may be said to be rendered a certainly by the study of 
the Devonian deposits of the continent of Europe — or, still 
more, by the investigation of the vast, for the most part un- 
interrupted and continuous series of sediments which com- 
menced to be laid down in North America at the beginning of 
the Upper Silurian, and did not cease till, at any rate, the close 
of the Carboniferous. 
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CHAPTER XII. 



TI/E CARBONIFEROUS PERIOD. 



B^ Overlying the Devonian formation is the great and iniport- 
"antseriesof the Carboniftrotis Mocks, so called because workable 
beds of coal are more commonly and more largely developed 
in this formation than in any other. Workable coal-seams, 
however, occur in various other formations (Jurassic, Cretace- 
ous, Tertiary), so that coal is not an exclusively Carboniferous 
product ; whilst even in the Coal-measures themselves the coal 
bears but a very small proportion to the total thickness of 
strata, occurring only in comparatively thin beds inlerralated 
in a great series of sandstones, shales, and other genuine 
aqueous sediments. 
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Strati graphically, the Carboniferous roeks usually repose 
conformably upon the highest Devonian beds, so thai the line 
of demarcation between the Carboniferous and Devonian for- 
mations is principally a palseontological one, founded on the 
observed difTerences in the fossils of the two groups. On the 
other hand, the close of the Carboniferous period seems to 
have been generally, though not universally, signalised by 
movements of the crust of the earth, so that the succeeding 
Permian beds often lie unconformably upon the Carboniferous 
sediments. 

Strata of Carboniferous age have been discovered in almost 
every large land-area which has been sufficiently investigated ; 
but they are especially largely developed in Britain, in various 
parts of the continent of Europe, and in North America. 
Their general composition, however, is, comparatively speak- 
ing, so uniform, that it will suffice to take a comprehensive 
view of the formation without considering any one area in 
detail, though in each region the subdivisions of the formation 
are known by distinctive local names. Taking such a com- 
prehensive, view, it is found that the Carboniferous .series is 
generally divisible into a Lmaer and essentially calcareous 
group (the " Sub-Carboniferous " or "Carboniferous Lime- 
Stone"); a Middle and principally arenaceous group (the 
" Millstone Grit "}; and an Upper group, of alternating shales 
and sandstones, with workable seams of coal (the " Coal- 

I. The Carboniferous, Siti- Carboniferous, or Moantaiu Lime- 
stone Series constitutes the general base of the Carboniferous 
system. As typically developed in Britain, the Carboniferous 
Limestone is essentially a calcareous formation, sometimes 
consisting of a mass of nearly pure limestone from looo to 
zooo feet in thickness, or at other times of successive great 
beds of limestone with subordinate sandstones and shales. 
In the north of England the base of the series consists of 
pebbly conglomerates and coarse sandstones; and in Scot- 
land generally, the group is composed of massive sandstones 
with a comparatively feeble development of the calcareous 
element. In Ireland, again,, the base of the Carboniferous 
Limestone is usually considered to be formed by a locally- 
developed group of grits and shales (the " Coomhola Grits" 
and "Carboniferous Slate"), which attain the thickness of 
about SoDo feet, and contain an intermixture of Devonian 
with Carboniferous types of fossils. Seeing that the Devonian 
formation is generally conformable to tlie Carboniferous, we 
need feel no surprise at this intermixture of forms j nor docs it 



ipear to be of great moment whether these strata be referred 
9 the former or to ihe iaiter series. Perhaps the n 
fetory course is to regard the Coomhola tJrils and Carlion- 
iferous Slates as "passage-beds" between the Devonian and 

Carboniferous ; but any view that may be taken as to the 
position of these beds, really leaves unaffected the integrity 
of the Devonian series as a distinct life-system, which, on ihe 
whole, is more closely allied to the Silurian than to the Car- 
boniferous. In North America, lastly, the Sub-Carboniferous 
ISeries is never purely calcareous, thoiigh in the interior of the 
Continent it becomes mainly so. In other regions, however, 
B consists principally of shales and sandstones, with subor- 
ninate beds of limestone, and sometimes with thin beds of 
coal or deposits of clay-ironstone. 

II. T/ie MilUtone Grit.— The highest beils of the Carbon- 
iferous Limestone series are succeeded, generally with perfect 
conformity, by a series of arenaceous beds, usually known as 
the MUUtom Grit. As typically developed in Britain, this 
group consi-rts of hard cguartzose sandstones, often so large- 
grained and coarse in texture as to properly constitute fine 
conglomerates. In oilier cases there are regular conglomer- 
ates, sometimes with shales, limestones, and thin beds of coal — 
the thickness of the whole series, when well developed, varying 
from looo to 5000 feeL In North America, the Millstone 
Grit rarely reaches 1000 feet in thickness: and, like its Brit- 
ish equivalent, consists of coarse sandstones and grits, some- 
times with tegular conglomerates. Whilst the Carboniferous 
Limestone was undoubtedly deposited in a tranquil ocean 
of considerable depth, the coarse mechanical sediments of 
the Millstone Grit indicate the progressive shallowing of 
the Carboniferous seas, and the consequent supervention 
of shore-conditions. 

III. The Coal measures. — The Coal-measures properly so 
called rest conformably upon the Millstone Grit, and usually 
consist of a vast series of sandstones, shales, grits, and coals, 
sometimes with beds of limestone, attaining in some regions a 
total thickness of from 700Q to nearly 14,000 feet. Beds of 
workable coal are by no means unknown in some areas in the 
inferior group of the Sub-Carboniferous; but the genera! state- 
ment is true, that coal is mostly obtained from the true Coal- 
measures— the largest known, and at present most produc- 
tive coal-fie!ds of the world being in Great Britain, North 
America, and Belgium. Wherever they are found, with 

" nited exceptions, the Coal - measures present a singular 
erai uniformity of mineral composition. They consist, 



namely, of an indefinite alternation of beds of sandstone, 
shale, and coal, sometimes with bands of clay-ironstone or beds 
of iimeslone, rejxsiled in no constant order, but sometimes 
attaining the enormous aggregate tliickress of 14,000 feet, or 
htlk short of 3 miles. The beds of coal differ in number and 
thickness in different areas, but they seldom or never exceed 
one-fiftieth part of the total bulk of the formation in thickness. 
The characters of the coal itself, and the way in which the 
coal-beds were deposited, will be briefly alluded to in speaking 
of the vegetable life of the period. In Britain, and in the 03d 
World generally, the Coal-measures are composed partly of 
genuine terrestrial deposits— such as the coal — and partly of 
sediments accumulateii in the fresh or brackish waters of vast 
lagoons, estuaries, and marshes. The fossils of the Coal- 
measures in these regions are therefore necessarily the remains 
either of terrestrial plants and animals, or of such forms of 
life as inhabit fresh or brackish waters, the occurrence of strata 
with marine fossils being quite a local and occasional phe- 
nomenon. In various parts of North America, on the other 
hand, the Coal-measures, in addition to sandstones, shales, 
coal-seams, and bands of clay-ironstone, commonly include 
beds of limestone, charged with marine remains, and indicating 
marine conditions. The subjoined section (tig. 107) gives, in 
a generalised form, the succession of the Carboniferous strata 
in such a British area as the north of England, where the series 
is developed in a typical form. 

As regards the life of the Carboniferous period, we naturally 
find, as has been previously noticed, great differences in dif- 
ferent parts of the entire series, corresponding to the different 
mode of origin of the beds. Speaking generally, the Lower 
Carboniferous (or the Sub-Carboniferous) is characterised by 
the remains of marine animals; whilst the Upper Carbon- 
iferous (or Coal-measures) is characterised by the remains 
of plants and terrestrial animals. In all those cases, how- 
ever, in which marine beds are found in the series of the 
Coal-measures, as is common in America, then we find that the 
fossils agree in their general characters with those of the older 
marine deposits of the period. 

Owing to the fact that coal is simply compressed and other- 
wise altered vegetable matter, and that it is of the highest 
economic value to man, the Coal-measures have been more 
thoroughly explored tlian any other group of strata of equiva- 
lent thickness in the entire geological series. Hence we have 
already a very extensive acquaintance with the plants of the 
Carboniferous period ; and our knowledge on this subject is 



tation ; but, before reviewing these, a few words must be said 
as to the origin and mode of formation of coa/. 

The coal-beds, as before mentioned, occur interstratified 
with shales, sandstones, and sometimes limestones ; and there 
may, within the hmits of a single coal-field, be as many as So 
or loo of such beds, placed one above the other at different 
levels, and varying in thickness from a few inches up to zo or 
30 feet. As a general rule, each bed of coal rests upon a bed 
of shale or clay, which is termed the " under-clay," and in 
which are found numerous roots of plants ; whilst the strata 
immediately on the top of the coal may be shaly or sandy, 
but in either case are generally charged with the leaves and 
stems of plants, and often have upright trunks passing vertically 
through them. When we add to this that the coal itself is, 
chemically, nearly wholly composed of carbon, and that its 
microscopic structure shows it to be composed almost entirely 
of fragments of steins, leaves, bark, seeds, and vegetable dBris 
derived from land-plants, we are readily enabled to understand 
how the coal was formed. The " vnikr - clay" immediately 
beneath the coal-bed represents an old land-surface — some- 
times, perhaps, the bottom of a swamp or marsh, covered 
with a luxuriant vegetation ; the coatbed itself represents the 
slow accumuktion, through long periods, of the leaves, seeds, 
fruits, stems, and fallen trunks of this vegetation, now hardened 
and compressed into a fraction of its original bulk by the pres- 
sure of the superincumbent rocks ; and the strata of sand or 
shale above the coal-bed — the so-called "roof" of the coal — ■ 
represent sediments quietly deposited as the land, after a long 
period of repose, commenced to sink beneath the sea. On 
this view, the rank and long-continued vegetation which gave 
rise to each coal-bed was ultimately terminated by a slow- 
depression of the surface on which the plants grew. The 
land-surface tlien became covered by the water, and aqueous 
sediments were accumulated to a greater or less thickness upon 
the dense mass of decaying vegetation below, enveloping any 
trunks of trees which might still be in an erect position, and 
preserving between their layers the leaves and branches of 
plants brought down from the neighbouring land by streams, 
or blown into the water by the wind. Finally, there set in a 
slow movement of elevation,— -the old land again reappeared 
above the water ; a new and equally luxuriant vegetation 
flourished upon the new iand-surface ; and another coal-bed 
was accumulated, to be preserved ultimately in a similar 
fashion. Some few beds of coal may have been formed by 
drifted vegetable matter brought down into the ocean by rrvera, 
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id deposited directly on the bottom of the sea ; but in ihe 
tnajority of cases the coal is undeniably the result of the slow 
growth and decay of plants in situ : and as the plants of the 
coal are not marine plants, it is necessary to adopt some such 
theory as the above to account for the formation of coal- 
seajnj. By this theory, as Is obvious, we are com[)elled to 
suppose that the vast alluvial and marshy flats upon which the 
coal-plants grew were liable to constantly-recurring oscillations 
of level, the successive land surfaces represented by the suc- 
cessive coal-beds of any coal-field being thus successively 
buried beneath accumulations of mud or sand. We have no 
need, however, to suppose thai these oscillations affected large 
areas at the same time ; and geology teaches us that local 
elevations and depressions of the land h^ve been matters of 
constant occurrence throughout the whole of past time. 

All the varieties of coal (bituminous coal, anthracite, cannel- 
coal, &c.) show a more or less distinct " lamination" — that is 
to say, they are more or less obviously composed of successive 
thin layers, differing slightly in colour and texture. All the 
varieties of coal, also, consist chemically oi carbon, with vary- 
ing proportions of certain gaseous constituents and a small 
amount of incombustible mineral or " ash." By cutting thin 
and transparent slices of coal, we are further enabled, by 
means of the microscope, to ascertain precisely not only that 
the carbon of the coal is derived from vegetables, but also, in 
many cases, what kinds of plants, and what parts of these, enter 
into the formarion of coal. When examined in this way, all 
coals are found to consist more or less entirely of vegetable 
matter ; but there is considerable difference in different coals as 
to the exact nature of this. By Professor Huxiey it has been 
shown that many of the English coals consist largely of ac- 
cumulations of rounded discoidal sacs or bags, which are 
unquestionably the seed-vessels or " spore-cases " of certain of 
the commoner coa!-p!anIs (such as the Lefidodendra). The 
best bituminous coals seem to be most largely composed of 
these spore-cases ; whilst inferior kinds possess a prqrressively 
increasing amount of the dull carbonaceous substance which is 
known as "mineral charcoal," and which is undoubtedly com- 
posed of " the stems and leaves of plants reduced to little 
more than their carbon." On tiic other hand, Principal Daw- 
son finds that the American coals only occasionally exhibit 
spore-cases to any extent, but consist principally of the cells, 
vessels, and fibres of the bark, integumentary coverings, and 
woody portions of the Carboniferous plai 

The number of plants already known to have existed during 
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the Carboniferous period is so great, that nothing more can be 
done here than to notice briefly the typical and characteristic 
^oups of these — such as the Ferns, the Calamites, the Lepido- 
dendroids, the Sigillarioids, and the Conifers, 

In accordance with M. Brongniart's generalisation, that 
the Palso/oic period is, bolanically speaking, the " Age of 
Acrogens," we find the Carboniferous plants to be still tuainly 
referable lo the Floweriess or " Cryptogamous " division of ihe 
vegetable kingdom. The flowering or "Phanerogamous" 
plants, which form the bulk of our existing vegeUlion, are hardly 
known, with certainty, to have existed at all in the Carbon- 
iferous era, except as represented by trees related to the existing 




Pines and Firs, and possibly by the Cycads or " false palms."* 
Amongst the " Cryptogams," there is no more striking or 
beautiful group of Carboniferous plants than the Ferns. Re- 
mains of these are found all through the Carboniferous, bat in 
exceptional numbers in the Coal-measures, and include both 
herbaceous forms like the majority of existing species, and 
arborescent forms resembling the living Tree-ferns of New 
Zealand, Amongst the latter, together with some new types, 
are examples of the genera Psaronius and Caulopteris, both of 

* Whilst the v^etation of the Coal-period was mainly a terrestrial one, 
aquatic plants are not unkiiuvm. Sm-weeils |>iUi:h ss the Sfirophytim 
atude-Galli) are common in some of [he marine strata; whilst 
according lo the researches of the Abhe Caslra 
to contain llie siliceous envelopes of Diatoms. 
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which date from ihe Devonian. The simply herbaceous ferns 
are extremely numerous, and belong to such widely-distributed 




1 the Carboniferous deposits, and have given occasion ti 
abundance of research and speculation. They present them- 
selves as prostrate and flattened striated stems, or as similar 
uncompressed stems growing in an erect position, and some- 
times attaining a length of twenty feet or more. Externally, the 
stems are longitudinally ribbed, with transverse joints at regular 
intervals, these joints giving origin to 'a whorl of branchlels, 
which may or may not give origin to similar whorls of smaller 
branchlets still. The stems, further, were hollow, with trans- 
verse partitions at the joints, and having neither true wood nor 
bark, but only a thin external fibrous shell. There can be little 
doubt but that the Calamilrs are properly regarded as colossal 
representatives of the little Horse-tails {Equisetacem) of the 
present day. They agree with these not only in the general 
details of their organisation, but also in the fact that the fruit 
was a species of cone, bearing "spore-cases" under scales. 
According to Principal Dawson, the CalamiUs "grew in dense 
brakes on the sandy and muddy flats, subject to inundation, 
or perhaps even in water ; and they had the power of budding 
out from the base of the stem, so as to form clumps of plants, 
and also of securing their foothold by numerous cord-like roots 
proceeding from various heights on the lower part of the 
stem." 

The Lepidodendroids, represented mainly by the genus 
Lepidodtndron itself (fig. no), were large tree-like plants, 
which attain their maximum in the Carboniferous period, but 
which appear to commence in the Upper Silurian, are well 
represented in the Devonian, and survive in a diminished form 
into the Permian. The trunks of the larger species of Lepido- 
dfridrvn at times reach a length of fifty feet and upwards, giv- 
ing off brauciies in a regular bifurcating manner. The bark 
is marked with numerous rhombic or oval scars, arranged in 
quincunx order, and indicating the points where the long, 
needle-shaped leaves were formerly attached. The fruit con- 
sisted of cones or spikes, carried at the ends of the branches, 
and consisting of a central axis surrounded by overlapping 
scales, each of which supports a "spore-case" or seed-vesseL 
These cones have commonly been described under the name 
o{ Lepidostrabi. In the structure of the trunk there is nothing 
comparable to what is found in existing trees, there being 
a thick bark surrounding a zone principally composed of 
"scalariform" vessels, this in turn enclosing a large central pith. 
In their general appearance the Lepidodendra bring to mind 
the existing Araucarian Pines; but they are true "Crypto- 
gams," and are to be regarded as a gigantic extinct type of the 



The so-called Sigillitrioids, represented mainly by SigiOaria 
itself (fig. Ill), were no less abundant and characteristic of the 
Carboniferous forests than the Ltpidodrndra. They commence 
their existence, so far as known, in the Devonian period, bnt 
they attain their maximum in the Carboniferous ; and — unlike 
the Lepidodendroids — they are not known to occur in the 
Permian period. They are comparatively gigantic in size, 
often attaining a height of from thirty to fifty feet or more ; 
but though abundant and well preserved, great divergence of 
opinion prevails as lo their true affinities. The name of Sigil- 
larioids (I^L sigilla, little seals or images) is derived from the 
fact that the bark is marked with seal-like impressions or leaf- 
scar, (fig. ,. I). 

Externally, the Xxwx^^cii Sigillaria present strong longitudinal 
ridges, witli vertical alternating rows of oval leaf scars indicating 
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the points where the leaves were originally attached. The trunk 
was furnished with a large central pith, a thick outer bark, and 
an intermediate woody zone, — composed, according to Dawson, 
partly of the disc-bearing fibres so characteristic of Conifers ; 
but, according to Carruthers, entirely made up of the " scalari- 
form " vessels characteristic of Cryptogams. The size of the 
pith was very great, and the baric seems to have been the most 
durable portion of the trunk. Thus we have evidence that 
in many cases the stumps and " stools " of StgillaritB, standing 



jiright in the old Carbon if era tis swamps, were completely 
Ujllowed out by internal decay, till nothing but an exterior 
shell of bark was left. Often these hollow stumps became 
ultimately filled up with sediment, sometimes enclosing the 
remains of galley-woims, land snails, or Amphibians, which 
formerly found in the cavity of the trunk a congenial home; 
and from the sandstone or shale now filling such trunks some 
of the most interesting fossils of the Coal-period have been 
obtained. There is little certainty as to either the leaves or 
fruits of Sigiliaria, and tliere is equally little certainty as to the 
true botanical position of these plants. By Principal Dawson 
they are regarded as Ijeing probably flowering plants allied to 
the existing " false palms " or " Cyraiis ; " but the high author- 
ity of Mr Carruthers is to be quoted in support of the belief 
that they are Cryptogamic, and most nearly allied to the Club- 
mosses. 

Leaving the botanical position of Sigilliiria thus undecided, 
we find that it is now almost universally conceded that the 
fossils originally described under the name of Stigmaria are 
the roots of Sigil/aria, the actual connection between the two 
having been in numerous instances demonstrated in an unmis- 
ptakable manner. The Siigmanx (fig. 112) ordinarily present 
■.Iheinselves in the form of long, compressed or rounded frag- 
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Pi&ents, the external surface of which is covered with rounded 
pits or shallow tubercles, each of which has a little pit or de- 
pression in its centre. From each of these pits there proceeds, 
in perfect examples, a long cylindrical rootlet; but in many 
cases these have altogether disappeared. In their internal 
structure, Siigniaria exhibits a cenirai pith surrounded by a 
sheath of scalariform vessels, the whole enclosed in a cellular 
envelope. The Stigmaria are generally found ramiC>(\n% \tv 



ihe "under clay," which forms the floor of a bed of coal, i 
which represents the ancient soil upon which the Sigil/arin gr 

The Lepidodenclroids and Sigillarioids, though tlie first were 
certainly, and the second possibly, Cryptogamic or flowerless 
plants, must have constituted the main mass of the forests of 
the Coa! period; but we are not without evidence of the exist- 
ence at the same time of genuine " trees," in the technical 
sense of this term — namely, flowering plants with lai^e woody 
stems. So far as is certainly known, ail the true trees of the 
Carboniferous formation were Conifers, allied to the existing 
Pines and Firs. They are recognised by the great size and 
concentric woody rings of their prostrate, rarely erect trunks, 
and by tlie presence of disc-bearing fibres in their wood, as 
demonstrated by the microscope ; and the principal genera 
which have been recognised are Dadoxyion, Palaoxyhn, 
Aratuarioxylon, and PiiiUes. Their fruit is not known with 
absolute certainty, unless it be represented, as often conjectured, 
by Trigomcarpon (fig. 113). The fniits known under this 
name are nut-like, often of consider- 
^2* ^ble size, and commonly three- or six- 

^B^^ Ww^ angled. They probably originally pos- 
^f^^ HniA scssed a fleshy envelope ; and if truly 
^Et^B IHH ''t^fcrable to the Cmi/irs, they would 
^^Kr VhV indicate that these ancient evergreens 
^^^^ produced berries instead of cones, 
Hg. nj. - TrietaxarffH and thus resembled the modern Yews 
(Ajm'Lindity'^^H'uiio^?"' rather than the Pines. It seems, 
further, that the great group of the 
Cycads, which are nearly allied to the Conifers, and which 
attained such a striking prominence in the Secondary period, 
probably commenced its existence during the Coal period; 
but these anticipatory forms are comparatively few in numb< 
and for the most part of somewhat dubious affinities. 



CHAPTER Xlir. 

THE CARBONIFEROUS PERIOD— CimHnued. 

AsiM.'M. Life of the Carboniferous. 

We have seen that there exists a great diff'erence i 
mode of origin of the Carboniferous sediments, some 1 
purely marine, whilst others are terrestrial; and others, > 




RBONIFEROUS PERIOD. 

have been formed in inland swamps and morasses, or in brack- 
ish-water lagoons, creeks, or estuaries. A corresponding dif- 
ference exists necessarily in the animal remains of these de- 
posits, and in many regions this difference is extremely well 
marked and striking. The great marine limestones which 
characterise the lower portion of the Carboniferous series in 
Britain, Europe, and the eastern portion of America, and the 
calcareous beds which are found high np in the Carboniferous 
in the western Slates ol America, may, and do, often c 
the remains of drifted plants ; but they are essentially charac- 
terised by marine fossils; and, moreover, they can be demon- 
strated by the microscope to be almost wholly composed of 
the remains of animals which formerly inhabited the ocean. 
On the other hand, the animal remains of the beds accompany- 
ing ihe coal are typically the remains of air-brealhing, terres- 
trial, amphibious, or aerial animals, together with those which 
inhabit fresh or brackish waters. Marine fossils may be found 
in the Coal-measures, but they are invariably confined to spe- 
cial horizons in the strata, and they indicate temporary depres- 
sions of the land beneath the sea. Whilst the distinction here 
mentioned is one which cannot fail to strike the observer, it is 
convenient to consider the animal life of the Carboniferous as 
a whole : and it is simply necessary, in so doing, to remember 
that the marine fossils are in general derived from the inferior 
portion of the system ; whilst the air-breathing, fresh-water, and 
brackish-water forms are almost exclusively derived from the 
superior portion of the same. 

The Carboniferous Protozoans consist mainly of Foramim- 

I /era and Sponges. The latter are still very insufficiently known, 
but the former are very abundant, and belong to very varied 
!types. Thin slices of the limestones of the period, when ex- 
'amined by the microscope, very commonly exhibit the shells 
of Furaminifera in greater or less plenty. Some limestones, 
indeed, are made up of little else than these minute and elegant 
shells, often belonging to types, such as the Textularians and 
Rotalians, differing little or not at all from those now in exist- 
ence. This is (he case, for example, with the Carboniferous 
Limestone of Spergen Hill in Indiana (fig. 114), which is 
almost wholly made up of the spiral shells of a species of 
Endothyra. In the same way, though to a less extent, the 
black Carboniferous marbles of Ireland, and the similar Gar- 
bles of Yorkshire, the limestones of the west of England and 
of Derbyshire, and the great " Scar Limestones " of the north 
of England, contain great numbers of Foraminiferoua shells ; 
'■ whilst similar organisms commonly occur in the shale-beds 




Spain, similar forms occurring 
limestones which are found 



leresting of the British Car- 
boniferous forms is ihe Sa(- 
of Mr Henry Brady, 
present in 
derable numbers in the 
of N ort li I imberlan d, 
m berland, and the west 
Scotland, and which is con- 
c ous for the comparatively 
spheroidal or 
fed -shaped shell (reaching 
on an eighth to a fifth of an 
nch in size). More widely dis- 
t buted are the generally spin- 
d e shaped shells of PusuHna 
(hg 115), which occur in vast 
numbers in the Carboniferous 
Limestone of Russia, Anne- 
nia, the Southern AJps, and 
1 equaJ profusion in the higher 
the Coal-measures of the United 
Stales, in Ohio, Illinois, 
Mr 
Henry Brady, lastly, has 
shown that we have in the 
Nummulina pristina of the 
' °''' Carboniferous Limestone of 
Namur a genuine Numniu- 
ind important family of the Tertiary 

The sub-kingdom of the CalenterateSy so far as certainlv 
known, is represented only by Corals;* but the remains of 
these are so abundant in many of the limestones of the Car- 
boniferous formation as to constitute a feature htlle or not at 
all less conspicuous than that afforded by the Crinoids. As is 
the case in the preceding period, the Corals belong, almost 
exclusively, to the groups of the Rugosa and Tabulata; and 
there is a general and striking resemblance and relationship 
between the coral-fauna of the Devonian as a whole, and that 

* A aingiilar fossil has been described by Professor Martin Diincan and 
Mr Jenkins from llie Carboniferous rocks under lire name of Patuccorync. 
and lias been referred 10 the Hydroid Zoophyles (Cin-ynida). Doubl, 
however, has been thrown by other observers on the correctness of this 
reference. 




of the Carboniferous. Nevertheless, tliere is an equally decid- 
ed and striking amount of dilTerente between iliese successive 
faunas, due to the fact ihat the great majority of ihe Carbon- 
iferous species are new ; whilst some of the most characteristic 
Devonian fifwfTO have nearly or quite disappeared, and several 
new genera now make their appearance for the first time. 
Thus, the characteristic Devonian types HeliophyUum, Pachy- 
phyllum, Chonophyllum, Aceri'ularia, Spengophyllum, Smilhia. 
Endophylium, &nA Cystiphyllum, have now disappeared; and 
the great masses of Favosites which are such a striking feature in 
the Devonian limestones, are represented but by one or two 
degenerate and puny successors. On the other hand, we meet 
in the Carboniferous rocks not only with entirely new genera — 
such as Axophyilum, Lophophyllum, and LondsdaUia — but we 
have an enormous expansion of certain types which had just 
begun to eidst in the preceding period. This is especially 
well seen in the case of the genus Lithoslrotion (fig. 1 16, b), 
which more than any other maybe considered as the predo- 
minant Carboniferous group of Corals. All the species of 
Litltostrotion are compound, consisting either of bundles of 
loosely -approximated cylindrical stems, or of similar "coral- 
Utes" closely aggregated together into astrteiform colonies, and 
rendered polygonal by mutuaJ pressure. This genus has a 
historical interest, as having been noticed as early as in the 
year 1699 by Edward Lhwyd ; and it is geologically important 
from its wide distribution in the Carboniferous rocks of both 
the Old and New Worlds. Many species are known, and whole 
beds of hmestone are often found to be composed of little else 
than the skeletons of these ancient corals, still standing upright 
as they grew. Hardly less characteristic of the Carboniferous 
than the above is the great group of simple "cup-corals." of 
which Clisiophyllum is the central type. Amongst types which 
commenced in the Silurian and Devonian, but which are still 
well represented here, may be mentioned Syringopora (fig. 1 1 6, 
e), with its colonies of delicate cylindrical tubes united at in- 
tervals by cross-bars; Zaphrentis (fig. 116, i), with its cup- 
shaped skeleton and the well-marked depression (or "fossula") 
on one side of the calice ; Ampkxus (fig. 116, c), with its 
cylindrical, often irregularly swollen coral and short septa; 
Cyatkophyllunt (fig. 116, a), sometimes simple, sometimes form- 
ing great masses of star-like corallites ; and Chatetes, with its 
branched stems, and its minute, "tabulate" tubes (fig. \i(i,f). 
The above, together with other and hardly less characteristic 
forms, combine to constitute a coral-fauna which is not only in 
itself perfectly distinctive, but which is of especial interest, 
18 
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iferous period. In the first marine sediments of a calcareous 
nature which succeeded to the Coal-measures (the magnesian 
limestones of the Permian), the great group of the Jiugose 
corah, which nourished so largely throughout the Silurian, De- 
vonian, and Carboniferous periods, is found to have all but 



iappeared, and it is never again represented save sporadi- 
and by isolated forms. 

nongst the Echinoderms, by far the most important forms 
E the Sea-lilies and the Sea-urchins— the former from their 
reat abundance, and the latter from their singular structure ; 
(Ut the little group of the " Pentremiles" also requires to be 
Noticed. The Sea-lilies are so abundant in the Carboniferous 
>cks, that it has been proposed to call the earlier portion of 
Bie period the "Age of Crinoids." Vast masses of the lime- 
s of the period are " crinoidal," being more or less ex- 
^sivcly composed of the broken columns, and detached plates 
^ d Joints of Sea-lilies, whilst perfect " heads " may be exceed- 
[gly rare and difficult to procure. In North America the rc- 
s of Crinoids are even more abundant at this horizon than 
\ Britain, and the specimens found seem to be commonly 
pore perfecL The commonest of the Carboniferous Crinoids 
elong to the genera Cyailiocrmus, AcHtwcrinus, Platymms, 





1b. "T- — Plafycrixus Iricmladnriylm, Loi»er Carboniferous, The left-hand fignre 
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have commenced its existence in the Upper Silurian, and it 
increased considerably in numbers in the Devonian ; but it 
was in the seas of the Carboniferous period that it attained its 
maximum, and no certain representative of the family has been 
detected in any later deposits. The " Penlremites " resemble 
the Crinoids in having a cup-shaped body {fig. ii8. A) enclosed 
by closely- fitting calcareous plates, and supported on a short 
stem or " column," composed of numerous calcareous pieces 
flexibly articulated together. They differ from the Crinoids, 
however, in the fact that the upper surface of the body does 
not support the crown of branched feathery "arms," which are 
so characteristic of the latter. On the contrary, the summit of 
the cup is closed up in the fashion of a flower-bud, whence the 
technical name of Blastoidea applied to the group (Gr. blastos, 
a bud; ai/M, form). From the top of the cup radiate five broad, 
transversely-striated areas (fig. ti8, C), each with a longitudi- 
nal groove down its middle; and along each side of each of 




Ehese grooves tliere seems to have been attaclied a row of 

thorl jointed calcareous filaments or " pinnules." 

A few Star-fishes and Brittle -stars are known to occur in the 

irboniferous rocks ; but the only other Echinoderms of this 

lerioii which need be noticed are the Sea-urchins {EcAingids). 

iched plates and spines of these are far from rare in the 

fcarboniferous deposits ; but anything iike perfect specimens 

(ceedingly scarce. The Carboniferous Sea urchins agree 

vith those of the present day in having the body enclosed in 

shell, formed by an enormous number of calcareous plates 

articulated together. The shell may be regarded as, typically, 

nearly spherical in shape, with the mouth in the centre of the 

base, and the excretory opening or vent at its summit. In both 

the ancient forins and the recent ones, the plates of the shell 
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arranged in ten zones which generally radiate from the 
summit to the centre of the base. In five of these zones — 
termed the " ambulacral areas " — the plates are perforated by 
minute apertures or "pores," through which the animal can 
protrude the Httle water-tubes (" tube-feet") by which its loco- 
nnotion is carried on. In the other five -zones — the so-called 
" inter-ambulacral areas " — the plates are of larger size, and 
are not perforated by any apertures. In all the modem Sea- 
s each of these ten zones, whether perforate or imper- 
forate, is composed of two rows of plates ; and there are thus 
;nty rows of plates in all. In the Paleozoic Sea-urchins, on 
the other hand, the "ambulacral areas" are often like those 
f recent forms, in consisting of hco rows of perforated plates 
:i9); but the "inter-ambulacral areas" are alwa.'YS c^\\a 



peculiar in consisting each of three, four, five, or more rows of 
large imperforate plates, whilst there are sometimes four or ten 
rows of plates in the "atnbulacral areas" also: so that there 
are many more than twenty rows of plates in the entire sheli. 
Some of the Palfeozoic Sea-urchins, also, exhibit a very pecu- 
liar singularity of structure which is only known to exist in a 
very few recently-discovered modem forms (viz., Calveria and 
Phormosoma). The plates of the inter - ambulacra! areas, 
namely, overlap one another in an imbricating manner, so as 
to communicate a certain amount of flexibility to the shell ; 
whereas in the ordinary living forms these plates are firmly 
articulated together by their edges, and the shell forms a rigid 
immovable box. The Carboniferous Sea-urchins which ex- 
hibit this extraordinary peculiarity belong to the genera Lepi- 
dechinus and Lepidesthts, and it seems tolerably certam that 
a similar flexibility of the shell existed to a less degree in 
the much more abundant genus Archaoddarh. The Carbon- 
iferous Sea-urchins, like the modem ones, possessed movable 
spines of greater or less length, articulated to the exterior of 
the shell ; and these structures are of very common occur- 
rence in a detached condition. The most abundant genera 
are Archteocidaris and Palmchinus ; but the characteristic 
American forma belong principally to Meloniies, Oligoporus, 
and Lepidfchinus. 

Amongst the Annelides it is only necessary to notice the little 
spiral tubes of Spirorbis Carbonariui (fig. 120), which are 
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md belong partly to structural types with which we are already 
liliar, and partly to higher groups which come into existence 
e for the first time. The gigantic Euryjittrids of the Upper 
iJBiltirian and Devonian are but feebly represented, and make 
flieir final exit here from the scene of life. Their place, how- 
s taken by peculiar forms belonging to the allied group 
fcf the Xiphosura, represented at the present day by the King- 
fcrabs or " Horse-slioe Crabs" {Limulus). Characteristic forms 
^f this group appear in the Coal-measures both of Europe and 
" merica ; and though constituting three distinct genera {Prest- 
pficAia, Betinurus, and Euproojn), they are all nearly related 
; another. The best known of them, perhaps, is the 
Wprestwickia rotundata of Coiil brook dale, here figured (fig. 121V 
The ancient and for- . 
merly powerful order 
of the Trilobites also 
undergoes its final ex- 
tinction here, not sur- 
viving the deposition 
of the Carboniferous 
Ijmestone series in Eu- 
ipe, but extending its 
America into 
■the Coal-measures. All 
the known Carbonifer- " 
ous forms are small in 
size and degraded in 
point of structure, and 
they are referable to 
but three genera {Phil- 
lipsia, Griffitkides, and Fig. .«.— p™h,Vrfea r^iumi,„«. . l™uIqm 

n 1. ,^\u CniWaceMi. Coai-mcasurea, Brilain. (Afler Henry 

Brachymelopus), be- woodward.) 

longing to a single fa- 

lily. The Phillipsia seminifera here figured (fig. r22, a) is a 

laracteristic species in the Old World. The Water- fleas 

HOstraeeaa) are extremely abundant in the Carboniferous rocks, 

whole strata being often made up of little else than the little 

i^ivalved shells of these Cnistaceans. Many of them are ex- 

■tremely small, averaging about the size of a millet-seed ; but a 

few forms, such ssEntomocom-hus Scouieri (fig. 122, c), may attain 

a length of from one to three quarters of an inch. The old 

group of the Phyllopods is likewise still represented iu some 

_ abundance, partly by tailed forms of a shrimp-like appearance, 

% Dithyrocaris (fig. 112, d), and partly by the curious 
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resemblance to the tnie Bivalve Molluscs (fig. 122, i). Lastly, 
we meet for the first time in the Carboniferous rocks with the 
remains of the highest of all the groups of Crustaceans — name- 
ly, the so-called " Decapods," in which there are five pairs of 
walking-limbs, and the hinder end of the body {"abdomen") 
is coni[josed of separate rings, whilst the anterior end is cov- 
ered by a head-shield or " carapace." All the Carboniferous 
Decapods hitherto discovered resemble the existing Lobsters, 
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Prawns, and Shrimps (the Macrura), in having a long and well- 
developed abdomen terminated by an expanded tail-fin. The 
Palaocaris lypus (fig. 122, e) and the Anthrapalamon gracilis 
(fig. 122,/), from the Coal-measures of Illinois, are two of the 
best understood and most perfectly preserved of the few known, j 
representatives of the "Long-tailed" Decapods in the ~ 
boniferous series. The group of the Crabs or "Short-ta 
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Kcapods {Sraehyura), m which the abdomen is short, not 
niinaCed by a tail-lin, and tucked away out of sight beneath 
me body, is at present not known to be represented at all in 
the Carboniferous deposits. 

]n addition to the water-inhabiting group of the Crustaceans, 
we find the articulate animals to be represented by members 
belonging to the air-breathing classes of the Arachnida, Myria- 
poda, and Insecta. The remains of these, as might have been 
expected, are not known to occur in the marine limestones of 

J the Carboniferous series, but are exclusively found in beds asso- 
rted with the Coal, which have been deposited in lagoons, 
bstuaries, or marshes, iri the immediate vi< inity of the land, and 
ivhich actually represent an old land-surface. The Aradmiiis 
l^e at present the oldest known of their class, and are repre- 
sented both by true Spiders and Scorpions. Remains of (he 
kalter (fig. 123) have been found both in the Old and New 




Worlds, and indicate the existence in the Carboniferous period 
of Scorpions differing but very little from existing forms. The 
group of the Myriapoda, including the receiit Centipedes and 
GaJIey-worms, is likewise represented in the Carboniferous sQaJia., 
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represe telby var ous forn s of Beetles (C /c/ftrn) Otthoftera 
(such as, Cockroaches) and \mr fiefeus insects resembling 
those wh ch >e have seen to have ex sted towards the close of 





netted fronds ot Fenestella, Reiepora, and Polypora (fig. 126, a) 
are highly characteristic, as are the slender toothed branches 
of daueentrnte {fig. ia6, i). A more singular form, however, is 
the carious ArMma/a {fig. 126, f), which is so characteristic 
of the Carboniferous formation of North America. In this re- 
markable type, the colony consists of a succession of funnel- 
shaped fronds, essentially similar to Fenestella in their structure, 
springing in a continuous spiral from a strong screw-like vertical 
axis. The outside of the fronds is simply striated ; but the 
branches exhibit on the interior the mouths of the little cells 
in which the semi-independent beings composing the colony 
originally lived. 

The Brachiopods are extretnely abundant, and for the most 
f»art belong to types which are exclusively or principally 
Palseozoic in their range. The old genera Stropkomaia, Orthis 
(fig. 1^7, c), Athyris{fK%. 127, e), RhyncheruUa (fig. 127, f), and 
Spirifera (fig. 127, h), are still well represented — the latter, in 
particular, existing under numerous specific forms, conspicuous 
by their abundance and sometimes by their size. Along with 
these ancient groups, we have representatives — for the firet time 
in any plenty — ^of the great genus Terebratula (fig. 127, d), 
which underwent a great expansion during later periods, and 
Still exists at the present day, The most characteristic Car- 
boniferous Brachiopods, however, belong to the family of the 
Produetidm, of which the principal genus is Produda itself. 
This family commenced its existence in the Upper Silurian 
with the genus Chontta, distinguislied by its spinose hinge- 
margin. This genus lived through the Devonian, and flourished 
in the Carboniferous (fig. 127,/). The genus Produda itself, 
represented in the Devonian by the nearly allied Proditddla, 
appeared first in the Carboniferous, at any rate in force, and 
survived into the Permian ; but no member of this extensive 
fa.mily has yet been shown to have over-lived the Paljeozoic 
period. The Products of the Carboniferous are not only ex- 
ceedingly abundant, but they have in many instances a most 
extensive geographical range, and some species attain what 
may fairly be considered gigantic dimensions. The shell (fig. 
127, a and b) is generally more or less semicircular, with a 
straight hinge-margin, and having its lateral angles produced 
into larger or smaller ears (hence its generic name — "cochlea 
produda"). One valve (the ventral) is usually strongly convex, 
whilst the other (the dorsal) is flat or concave, the surface of 
both being adorned with radiating ribs, and with hollow 
tubular spines, often of great length. The valves are not 
locked together by teeth, and there is no sign in the fully- 
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s were actually employed as organs of adhesion, whereby 
the shell was permanently attached to some extraneous object, 
jch as the stem of a Crinoid. The two species here figured 
te interesting for their extraordinarily extensive geographical 
mge — Produda semireticulata (fig. 127, a) being found in the 
larboniferous rocks of Britain, tlie continent of Europe, 
Central Asia, China, India, Australia, Spitzbergen, and North 



and South America; whilst P. lotigispina (fig, 12; 
distribution Uttle if at all less wide. _^ 

The higher MoUusca are abundantly represented in the 
Carboniferous rocks hy Bivalves (Lamellibranchs), Univalves 
{Gaslfropoiia), Winged - snails (Pteropoda), and Cephalopods. 
Amongst the Bivalves we may note the great abundance of 
Scallops {Aviculopeden anit other allied forms), together with 
numerous other types — some of ancient origin, others repre- 
sented here for the first time. Amongst the Gasleropods, we 
find the characteristically Palscozoic genera Macrocheibts and 
Loxonema, the almost exclusively Paleozoic Ruompltalus, and 
the persistent gsnus P/atrotomaria ; whilst the free-swimming 
Univalves (//('/c/-(?/>o(iii)are represented by-5«7»-c/Ac« and /"cwe/- 
lia, and the Pteropada by the old genus Comdariu. With regard 
to the Carboniferous Univalves, it is also of interest to note here 
the first appearance of true air-hreatliing or terrestrial Molluscs, 
as discovered by DawSon and Bradley in the Coal-measures of 
Nova Scotia and Illinois. Some of these (Conulus prisms) are 
true Land-snails, resembling the existing Zoniies ; whilst others 
appear to be generically inseparable 
from the " Chrysalis- shells " 
(Pupa) of the present day. 
^ All the known forms^three 

in number — are of small size, 
and appear to have been local 
in their distribution or in theit 
preservation. More import- 
ant, however, than any of the 
preceding, are the Ceplutb- 
Poda, represented, as before, 
exclusively by the chambered 
shells of the Tetrabranchiates. 
The older and simpler type of 
these, with simple plain septa, 
and mostiy a central siphuncle, 
is represented by the straight 
conical shells of the ancient 
genus Orthoceras, and the bow- 
shaped shells of the equally 
Mna^fiidi ancient Cyrtoceras — some of 
' ' "'™'i theformerattainingagreat size. 
The spirally- curved disco idal 
shells of the persistent genus Nautilus are also not unknowq^ 
and some of these likewise exhibit very considerable dim 
lastly, the more complex family of the Ammot, '" 






irith lobed or aiigulaled sepia, and a. dorsally- placed siphuncle 
Rsiluated on the convex side of the curved shells), now for the 
first time commences to acquire a considerable prominence. 
The principal representative of this group is the genus Gonia- 
lites (fig. 129), which commenced its existence m the Upper 
Silurian, is well represented in the De- 
vonian, and attains its maximum here. 
In this genus, the shell is spirally 
curved, the septa are strongly lobed 
or angiilated, thougli not elabor.itely 
frilled as in the Aranionites, and ihc 
siphuncle is dorsal. In addition 10 
Goniatites, the shells of true Amnion- 
ties, so characteristic of the Secondary 
period, have been described by l>r 
Waagen as occurring in the Carbon- 
iferous rocks of India. 




Coming finally to the Vertebra/a, we have in the first place 
) very briefly consider the Carboniferous _;&/;«. These are 
numerous j but, with the exception of the slUi dubious " Cono- 
donts," belong wholly to the groups of the Ganoids and the 
Placoids (including under the former head remains which per- 
—liaps are truly referable to the group of the Dipnoi or Mud- 
~ ' ss). Amongst the Ganoids, the singular buckler-headed 
^hes of the Upper Silurian and Devonian ( Cephalaspida) have 
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apparently disappeared ; and the principal types of the Car- 
boniferous belong to the groups respectively represented at 
the present day by the Gar pike {Lfpidosteus) of the Noi ' 
American lakes, and the Polyptervs of tlie rivers of Africa, 
the former, the genera Paiaoniscus and Amblypterus (fig, 131 




Fig. 130. — Ambfyptarut maervpte 



with their small rhomboidal and enamelled scales, and the! 
strongly unsymmetrical tails, are perhaps the most abundanQ 
Of the latter, the most important are species belonging I 
the genera Megalkhthys and Rhhodus, comprising large fishes 
with rhomboidal scales, unsymmetrical (" heterocercal ") t, " 
and powerful conical teeth. These fishes are sometimes s 
to be "sauroid," from their presenting some Reptilian features* 
in their organisation, and they must have been the scourges 
of the Carboniferous seas. The remains oi P/acoid fishes in 
the Carboniferous strata are very numerous, but consist wholly 
of teeth and fin-spines, referable to forms more or less closely 
allied to our existing Port Jackson Sharks, Dog-fishes, and 
Rays. The teeth are of very various shapes and sizes, — some 
with sharp, cutting edges (Pitalodus, Cladodus, &c.) ; others in 
the f jrm of broad crushing plates, adapted, like the teeth of the 
existing Port Jackson Shark {Cestracion Philippi), for breaking 
dovra the hard shells of Molluscs and Crustaceans. Amongst 
the many kinds of these latter, the teeth oi Psammodus and 
Cochliodu! {^%. 131) may be mentioned as specially charac- 
teristic The fin-spines are mostly similar to those so common 
in the Devonian deposits, consisting of hollow defensive spines 
implanted in front of the pectoral or other fins, usually slightly 
curved, often superficially ribbed or sculptured, and not un- 
commonly serrated or toothed. The genera Ctetuuanikvs, 
Gyracanlhus, Homacanthui, &c., have been founded for the 
reception of these defensive weapons, some of which indicate 
fishes of great size and predaceous habits. 
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I mams of the hi 

I of the A/ 
class, comprising 
isting Frogs, Toads, and 
Newts, stands to some ex- 
tent in a position midway 
betn-een the class of the 
fishes and that of the true 
reptiles, being distinguished 
from the latter by the fact 
that its members invariably 
possess gills in their early 

condition, if not throughout life ; whilst they are separated from 
the former by always possessing true lungs when adult, and 
by the fact that the limbs (when present at all) are never in 
the form of fins. The Amphibians, therefore, are all water- 
breathers when young, and have respiratory organs adapted 
for an aquatic mode of life; whereas, when grown up, they 
develop lungs, and with these the capacity for breathing air 
directly. Some of them, like the Frogs and Newts, lose their 
gills altogether on attaining the adult condition; but others, 
such as the living Proteus and MenobrancAus, retain their gills 
even after acquiring their lungs, and are thus fitted inditfer- 
ently for an aquatic or terrestrial existence. The name of 
"Amphibia," though applied to the whole class, is thus not 
precisely appropriate except to these last-mentioned forms 
(Gr. amphi, both; bios, life). The Amphibians also differ 
amongst themselves according as to whether they keep per- 
manently the long tail which ihey all possess when young (as 
do the Newts and Salamanders), or lose this appendage when 
grown up (as do the Frogs and Toads). Most of them have 
naked skins, but a few living and many extinct forms have 
hard structures in the shape of scales developed in the integu- 
ment All of them have well-ossified skeletons, though some 
fossil types are partially deficient in this respect ; and all of 
them which possess limbs at all have these appendages sup- 
ported by bones essentially similar to those found in the limbs 
of the higher Vertebrates. All the Carboniferous Amphibians 
belong to a group which has now wholly passed away — namely, 
that of the Labyrinthodmts. In the marine strata which form 
the base of the Carboniferous series these creatures have only 
been recognised by their curious hand-shaped footprints, similar 



in character to those which occur in theTriassic rocks, and which 
will be subsequently spoken of under the name of Clieiroth£rivm. 
In the Coal-measures of Britain, the continent of Europe, and 
North America, however, many bones of these animals have 
been found, and we are now tolerably well acquainted with a 
considerable number of forms. All of them seem to have be- 
longed to the division of Amphibians in which the long tail 
of the young is permanently retamed ; and there is evidence 
that some of them kept the gills also throughout life. The 
skull IS of the characteristic \mphibian type (fig. 132, a), with 
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two occipital condyles, and having its surface singularly pitted 
and sculptured ; and the vertebrK are hollowed out at both 
ends. The lower surface of the body was defended by an 
armour of singular integumenfary shields or scales (fig. 132, c); 
and an extremely characteristic feature (from which the entire 
group derives its name) is, that the walls of the teeth are dee^ 
folded, so as to give rise to an extraordinary " labyrinihine 
pattern when they are cut across (fig. 132, b). Many of the 
Carboniferous Labyrinlhodonts are of no great sixe, some of 
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Rem very small, but others attain comparatively gigantic 
mensions, though all fall short in this respect of the huge 
examples of this group which occur in the Trias. One of the 
largest, and at the same time most characteristic, forms of the 
Carboniferous series, is the genus Anthrtuosaurus, the skull of 
which is here figured. 

No remains of true Reptiles, Birds, or Quadrupeds have as 
yet been certainly detected in the Carboniferous deposits in 
any part of the world. It should, however, be mentioned, 
that Professor Marsh, one of the highest authorities on the 
subject, has described from the Coai-fomiation of Nova Scotia 
certain vertebrse which he believes to have belonged to a 
marine reptile {Eosaurus Acadianus), allied to the great 
Ichthyosauri of the Lias. Up to this time no confirmation 
of this deteiroination has been obtained by the discovery of 
other and more unquestionable remains, and it therefore 
remains doubtful whether these bones of Eosaurus may not 
ally belong to large Labyrinthodonts. 
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The Permian formation closes the long series of the Palaeo- 
zoic deposits, and may in some respects be considered as a 
kind of appendix to the Carboniferous system, to which it can- 
not be compared in importance, either as regards the acttia) 
bulk of its sediments or the interest and variety of its life- 
record. Consisting, as it does, Inrgely of red rocks — sand- 
stones and marls — for the most part singularly destitute of 
organic remains, the Permian rocks have been regarded as a 
lacustrine or fluviatile deposit; but the presence of well-devel- 
oped limestones with indubitable marine remains entirely 
negatives this view. It is, however, not improbable that we 
are presented in the Permian formation, as known to us at 
present, with a series of sediments laid down in inland seas of 
great extent, due to t!ie subsidence over large areas of the 
vast land-surfaces of the Coal-measures. This view, at any 
rate, would explain some of the more puzzling physical char- 
acters of the formation, and would not be definitely negatived 
by any of its fossils. 

A large portion of the Permian s 
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of iron, and often accompanied by bwls of gypsum or deposits 
of salt In strata of this nature few or no fossils are found j 
but their shallow-water origin is sufficiently proved by the 
presence of the fooiprints of terrestrial animals, accompanied 
in some cases by well-defined " ripple marks." Along with 
these are occasionally found massive breccias, holding larger 
or smaller blocks derived from the older tormalions; and these 
have been supposed to represent an old " boulder-clay," and 
thus to indicate the prevalence of an arctic climate. Beds of 
this nature must also have been depositeti in shallow water. 
In all regions, however, where the Permian formation is well 
developed, one qf its most characteristic members is a Mag- 
nesian Hmestone, often highly and fantastically concretionary, 
but containing numerous remains of genuine marine animals, 
and clearly indicating that it was deposited beneath a mod- 
erate depth of salt water. 

It is not necessary to consider here whether this formation 
can be retained as a distinct division of the geological series. 
The-name oi Fmnian was given to it by Sir Roderick Murchi- 
son, from the province of Perm in Russia, where rocks of this 
age are extensively developed. Formerly these rocks were 
grouped with the succeeding formation of the Trias under the 
common name of "New Red Sandstone." This name was 
given them because they contain a good deal of red sandstone, 
and because they are superior to the Carboniferous rocks, 
while the Old Red Sandstone is inferior. Nowadays, how- 
ever, the tenn "New Red Sandstone" is rarely employed, 
unless it be for red sandstones and associated rocks, which 
are seen to overlie the Coal- measn res, but which contain no 
fossils by which their exact age may be made out. Under 
these circumstances, it is sometimes convenient to employ the 
term " New Red Sandstone." The New Red, however, of the 
older geologists, is now broken up into the two formations of 
the Permian and Triassic rocks— the former being usually con- 
sidered as the top of the Palaeozoic series, and the latter con- 
stituting the base of the Mesozoic. 

In many instances, the Pennian rocks are seen to repose 
unconformably upon the underlying Carboniferous, from which 
they can in addition be readily separated by their lithological 
characters. In other instances, however, the Coal-measures 
terminate upwards in red rocks, not distinguishable by their 
mineral characters from the Pennian ; and in other cases no 
physical discordance between the Carboniferous and Per- 

ian strata can be detected. As a general rule, also, the 
3 rocks appear to pass upwards conformably into the 
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Trias. The division, therefore, between the Permian and Tri- 
assic rocks, and consequently between the Palseozoic and Me- 
SDZoic series, is not founded upon any conspicuous or universal 
physical break, but upon the difference in life which is ob- 
served in comparing the marine animals of the Carboniferous 
and Permian with those of the Trias. It is to be observed, how- 
ever, that this difference can be solely due to the fact that the 
Magnesian Limestone of the Permian series presents us with 
only a small, and not a typical, portion of the marine deposits 
which must have been accumulated in some area at present 
unknown to us during the period which elapsed between the 
formation of the great marine limestones of the Lower Carbon- 
iferous and the open-sea and likewise calcareous sediments of 
the Middle Trias. 

The Permian rocks exhibit their most typical features in 
Russia and Germany, though they are very well developed in 
parts of Britain, and they occur in North America, When 
well developed, they exhibit three main divisions : a lower set 
of sandstones, a middle group, generally calcareous, and an 
upper series of sandstones, constituting respectively the Lower, 
Middle, and Upper Permian s. 

In Russia, Germany, and Britain, the Permian rocks con- 
sist of the following members : — ■ 

1. The Lower Permians, consisting mainly of a great series 
of sandstones, of different colours, but usually red. The base 
of this series is often constituted by massive breccias with 
included fragments of the older rocks, upon which they may 
happen to repose ; and similar breccias sometimes occur in 
the upper portion of the series as well. The thickness of ihis 
group varies a good deal, but may amount to 3000 or 4000 
feet. 

2. The Middle Permians, consisting, in their typical de- 
velopment, of laminated marls, or "marl-slate," surmounted 
by beds of magnesian limestone (the "Zechstein " of the Ger- 
man geologists). Sometimes the limestones are degenerate or 
wholly deficient, and the series may consist of sandy shales 
and gypsiferous clays. The magnesian limestone, however, of 
the Middle Permians is, as a rule, so well marked a feature 
that it was long spoken of as the Magnesian Limestone. 

3. The Upper Permians, consisting of a series of sandstones 
and shales, or of red or mottled marls, often gypsiferous, and 
sometimes including beds of limestone. 

In North America, the Permian rocks appear to be confined 
to the region west of the Mississippi, being especially well de- 
veloped in Kansas. Their exact limits have not as yet been 



deposits of this age with which we are as yet acquainted. 
rocks are, as a general rule, more or less completely u 
iferous, and sediments of this nature are highly characteristic oP 
the Permian. Similarly, magnesian limestones are rarely as 
highly charged with organic remains as is the case with normal 
calcareous deposits, especially when they have been subjected 
to concretionary action, as is observable to such a marked ex- 
tent in the Permian limestones. Nevertheless, much interest 
is attached to the organic remains, as marking a kind of transi- 
tion-period between the Palseozoic and Mesozoic epochs. 

The plants of the Permian period, as a whole, have a dis 
tinctly Palieozolc aspect, and are far more nearly allied to those 
of the Coal-measures than they are to those of the earlier 
Secondary rocks ; though the Pennian species are mostly dis- 
tinct from the Carboniferous, and there are some new genera. 
Thus, we find species of Lepufoiffttdron, Catamites, Bquisetites, 
Asterophyllita, Annular ia, and other highly characteristic 
Carboniferous genera. On the other hand, the Sigillarioids of 
the Coal seem to have finally disappeared at the close of the 
Carboniferous period. Ferns are abundant in the Permian 
rocks, and belong for the most part to the well known Carbon 
iferous genera Alethopteris, Nruropttris, Sphmopieris, and Pixop- 
teris. 'I'here are also Tree-ferns referable to the ancient genus 
Psaronius. The Conifers oi^z Permian period arenumerous, 
and belong in part to Carboniferous genera. A characteristic 
genus, howe\er, is ii aLkia (fig. 134,), distinguished by its tax 
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short leaves. This genus, though not exclusively Permia: 
mainly so, the best-known species being the IV. pinifon 
Here, also, we meet with Conifers which produce true cones, 
^ and which differ, therefore, in an important degree from the 
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Jhutoid Conifers of the Coal-measures. Besides Walchia, . 
Jpbaracteristic form of these is the UUmanin selagiiioides, which 
1 the Magnesian Limestone of Durham, the Middle 
Permian of Westmorland, and the " Kupfer-schiefer " of Ger- 
many. The group of the Cy^oifs, which we shall subseqiienlly 
find to be so characteristic of the vegetation of the Secondary 
period, is, on the other hand, only doubtfiiliy represented in 
the Permian deposits by the singular genus Neiggerathia. 

The Protosoans of the Permian rocks are few in number, and 
for the most part imperfectly known. A few Foi-aminifera have 
been obtained from the Magnesian Limestone of England, 
and the same formation has yielded some ill - understood 
Sponges. It does not seem, however, altogether impossible 
that some of the singular " concretions " of this formation may 
ultimately prove to have an organic structure, though others 
would appear to be clearly of purely inorganic origin. From 
the Permian of Saxony, Professor Geinitz has described two 
species o{ SpongiUofsis, which he believes to be most nearly 
allied to the existing fresh-water Sponges (Sfiongilla). This 
observation has an interest as bearing upon the mode of de- 
position and origin of the Permian sediments. 

The Casienierales are represented in the Permian by but a 
[few Corals. These belong partly to the Tdtui/ali- anil partly 
[vision ; but the latter great group, so abun- 
iidantly represented in Silurian, Devonian, and Carboniferous 
r seas, is now extraordinarily reduced in numbers, the Kritish 
kstrata of this age yielding only species of the single genus 
r Polyaelia. So far, therefore, as at present known, all the 
p.characteri stic genera of the Rugose Corals of the Carboniferous 
Bad become extinct before the deposition of the limestones of 
^"the Middle Permian, 

The Rchinoderms are represented by a few Crinoiiis, and by a 
Sea-urchin belonging to the genus Eoaifaris. The latter genus 
is nearly allied lo the Archaocidaris of the Carboniferous, so 
that this Permian form belongs to a characteristically Palreozoic 
- type. 

I A few Annelides {Spirorbis, Vermilia, &c) have been de- 
r scribed, but are of no special importance. Amongst the 
J Crustaceans, however, we have to note the total absence of 
ttiie great Palaeozoic group of the Trihbites ; whilst the little 
\ Ostracoda and Phyllopods still continue to be represented. 
I We have also to note the first appearance here of the '■ Shorl- 
rtailed " Decapods or Crabs {Brackyura), the highest of all the 
Lgroups of Crustacea, in the person gI Hemiirochisats parado».its, 
;xtremely minute Crab from the Permian of Germany. 
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Amongst the MoUiisca, the remains of Polyzoa may fairly be 
said to be amongst the most abundant of ail the fossih of the 
Permian formation. Tlie principal forms of these are the 
fronds of the Lace-corals {Fenestella, Relepora, and Synocladid), 
which are very abundant in the Magnesian Limestone of the 
north of England, and belong to various highly characteristic 
species (such as Fenesttlla reti/ormis, Retipora Ehrenber^i, and 
Synocladia virgulacea). The Brachiopoda are also represented 
in moderate numbers in the Permian. Along with species of 
the persistent genera Dlscina, Crania, and Lingula, we still 
meet with representatives of the old groups Spirifera, Athyris, 
and Streptorhynchus ; and the Carboniferous Productis yet 
survive under well-marked and characteristic types, though in 
much-diminished number.^ The species of Brachiopods here 
figured (fig. 135) are characteristic of the Magnesian Limestone 
in Britain and of the corresponding strata on the Continent. 




Upon the whole, the most characteristic Permian Brachiopods 
belong to the genera Prodiida, Strophalosia, and Camarv- 
phoria. 

The Bivalves {LamdHbranchiaid) have a tolerably varied 
development in the Permian rocks; but nearly all the old 
types, except some of those which occur in the Carboniferous, 
have now disappeared. The principal Permian Bivalves 
belong to the groups of the Pearl Oysters (AviculidiB) and the 
Trigoniadm, represented by genera such as Bakeu'cllia and 
Sckisodus; the true Mussels (Mylilida), represented by species 
which have been referred to Mytilus itself; and the Arks 
(Arcades), represented by species of the genera Area (fig. 136) 
and Byssoarca. The first and last of these three families have 
a very ancient origin; but the family of the Trigoniadte, though 
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;bty represented a 

laxitnum developm 

The Univalves (GasteropiHia) are r 
special notice. It may be ob- 
served, however, that the PaljEo- 
zoij genera Buomphalus, Mur- 
ckisonia, Loxmitma, anil Macro- 
cheilus are still in existence, to- 
gether with the persistent genus 
J'leurotomaria. I^eiv/ioih of the 
old genera T/ieca and Cimiila- 
have been discovered ; but 
first of these characteristi- 
cally Palaeozoic types finally 
dies out here, and the 
only siu'vives but a short i 

longer. Lastly, a few Cephalopods have been found, still wholly 
referable to the Tetrabranchiate group, and belonging to the old 
genera Ori/wceras and Cyrtoceras and the long-lived Nautilus. 

Amongst Vertebrates, we meet in the Permian period not 
only with the remains of Fishes and Amphibians, but also, for 
the first time, with true Reptiles. The Fisltes are mainly 
^Ganoids, though there are also -emains of a few Cestraciont 
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of the Middle Permian ; and the principal genera of t 
Ganoids are Palaoniscus and Platysomus (fig. 137). 

Tlie Amphibians of the Permian period belong principally 
to the order of the Labyrintliodonts, which commenced to be 
represented in the Carboniferous, and has a large development 
in the Trias. Under the name, however, of Palaosirm Bcinerti, 
Professor Geinitz has described an Amphibian from the Lower 
Permian of Germany, which he believes to be most nearly 
allied to the existing " Mud-eel " {Siren taartina) of North 
Anaerica, and therefore to be related to the Newts and Sala- 
manders {Urodeia). 

Finally, we meet in the Permian deposits with the first un- 
doubted remains of true Reptiles. These are distinguished, as 
a class, from the Amphibians, by the fact that they are air- 
breathers throughout the whole of their life, and therefore are 
at no time provided with gills; whilst they are exempt from 
that metamorphosis which all the Amphibia undergo in early 
life, consequent upon their transition from an aquatic to a 
more or less purely aerial mode of respiration. Their skel- 
eton is well ossified ; they usually have horny or bony plates, 
"singly or in combination, developed in the skin; and their 
limbs (when present) are never either in the form oS. fins or 
wings, though sometimes capable of acting in either of these 
capacities, and liable to great modifications of form and struc- 
ture. Though there can be no doubt whatever as to the occur- 
rence of genuine Reptiles in deposits of unquestionable Per- 
mian age, there is still uncertainty as to the precise number 
of types which may have existed at this period. This uncer- 
tainty arises [xirtly from the difficuhy of deciding in all cases 
whether a given bone be truely Labyrinthodont or Reptilian, 
but more especially from the confusion which exists at pres- 
ent between the Permian and the overiying Triassic rieposils. 
Tlius there are various deposits in different regions which 
have yielded the remains of Reptiles, and which cannot in 
the meanwhile be definitely referred either to the Permian 
series or to the Trias by clear stratigraphical or palEeonto- 
logical evidence. All that can be done in such cases is to be 
guided by the characters of the Reptiles themselves, and to 
judge by their affinities to remains from known Triassic or Per- 
mian rocks to which of these formations the beds containing 
them should be referred ; but it is obvious that this method 
of procedure is seriously liable to lead to error. In accor- 
dance, however, with this, the only available mode of deter- 
mination in some cases, the remains of Thecoiiontosaurtis and 
"aiaosaurus discovered in the doiomitic conglomerates near 




the Penoian Reptiles.t The type-species of the genus Pro- 
torosauras \m\e P. S/mirri {fig. 138) of the "Kupfer-schiefer" of 

• TfiQUgh commonly spell as above, it is probable thnl fhc name of Ihis 
Lizard was really intended to have been fyo/crosourvs — from the Greek 1 
prolrros, first ; and Siiura, lizard : and this spelling is followed by many 

+ In an extremely able paper upon the eubject (Quart. Journ. Geo!. 
Soc., vol. xitri.}, Mr Elheridiic has shown that Ihere are good physical 
grounds for regarding the dolomitie conglomerate of Bristol as of Triassie 
age, and as probably corresponding in lime with the Muschelkalk of the 
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Thuringia, but other allied species have been detected in the 
Middle Permian of Germany and the north of England. This 
Reptile attained a length of from three to four feet ; and it has 
been generally referred to the group of the Lizards (Laceriiiia), 
to which it is most nearly allied in its general structure, at the 
same time that it differs from all existing members of this group 
in the fact that its numerous conical and pointed teeth were 
implanted in distinct sockets in the jaws — this being a Croco- 
dilian character. In other respects, however, Proiorosaurus 
approximates closely to the living Monitors ( ^araw/ite) ; and 
the fact that the bodies of the vertebrte are slightly cupped or 
hollowed out at the ends would lead to the belief that the 
animal was aquatic in its habits. At the same time, the 
structure of the hind-limbs and their bony supports proves 
clearly that it must have also possessed the power of progres- 
sion upon the land. Various other Reptilian bones have been 
described from the Permian formation, of which some are pro- 
bably really referable to Labyrintliodonts, whilst others are 
regarded by Professor Owen as referable to the order of the 
"Theriodonts," in which the teeth are implanted in sockets, 
and resemble those of carnivorous quadrupeds in consisting 
of three groups in each jaw (namely, incisors, canines, and 
molars). Lastly, in red saridstones of Permian age in Dum- 
friesshire have been discovered the tracks of what would ap- 
pear to have been CA-Zuwianj (Tortoises and Turtles); but it 
would not be safe to accept this conclusion as certain upon the 
evidence of footprints alone. The Chelkhnus Dttncani, how- 
ever, described by Sir William Jardine in his magnificent work 
on the ' Ichnology of Annandale,' bears a great resemblance 
to the track of a Turtle. 

No remains of Birds or Quadrupeds have hitherto been 
detected in deposits of Permian age. ^_ 



The following works may be consulted by the student with regard to the 
Permian formation and its fossils ; — 

(l) "On the Geological Relations and Internal Structure of the Magne- 
sian Limestone and the Lower Portions of the New Ked Sand- 
stone Series, &c."— 'Trans. Gcol. Soc.,' ser. 2, ytd. iii. Sedg- 
wick. 

(i) 'TheGeologyof Rnssiain Europe.' Murcliison, De Yemeni I, an J 
Von Keyserling. 

(3) 'Siluria.' Miirchison. 

(4) ' Permische System in Sachsen.' Geinili and Gutbier. 

(5) 'Die Versteinerungcn des Dculschen Zcchsleingebirges.' 
1^6) 'Die Allimalischcn Ueberresle der Djis.' Geinitz. 





(7) ' Monopaph of the Permian Fossils of England' (PalieontDgrnphicnl 
Society). King. 
■1(8} 'MonogiBph of the Permian Brachio;x>da of Britain' (Palieonto- 
V giaphical Society). Davidson. 

Bi(9) "On tbe Petmian Kocks of the Ncrth-West of England and their 
EsteDsion into Scotland "^-' Quart. Joura. GeoL Soc.,' vol. xx. 
Murchison and Hatkness. 
1,^10) 'Catalogue of the FossiL of the Permian System of the Counties of 
Nonhumberland and Durham.' Howse. 
11) ' Petrefacla Germaniie.' Goldfuss. 
[2) 'Beitragezur Petrefaklenkunde. ' Miinster. 
[.(13) 'Ein Beitrag lur Palteontologie des Ueutschen Zechsleingebiiges.' 
I Von Schauroth. 

■{14) 'Saurieraus dem Kupfer-schiefer der Zee h^Ieln -format ion.' Von 

' Manual of PalxDnIol<^.' Owen. 

'Recherches sur les Poissons Fossiles,' Agassis. 
(17) ' Ichnology of Annandale.' Sir William Jardinc 
(l8t 'Die Fossile Flora der Penniachen Formation." Gatppert. 

'Genera et Species PUntanim Fossilium.' Unger. 

" On the Red Rocks of England of older Dale than the Tiias" 
-'Quart. Journ. Geoi. Soc.,' vol. xxvii. Ramsay. 
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CHAPTER XV. 



TI/E TRIASSIC PERIOD. 



I We come now lo the consideration of the great Mesazoic, or 
condary series of formations, consisting, in ascending order, 
of the Triassic, Jurassic, and Cretaceous systems. The Trias- 
sic group forms the base of the Mesozoic series, and corre- 
sponds with the higher portion of the New Red Sandstone of 
the older geologists. Like the Permian rocks, and as implied 
by its name, the Trias admits of a subdivision into three 
groups — a Lower, Middle, and Upper Trias. Of these sub- 
divisions the middle one is wanting in Britain ; ant! aJl have 
received German names, being more largely and typically de- 
veloped in Germany than in any other country. Thus, the 
Lower Trias is known as the Bunter Sandstein ; tbe Middle 
Trias is called the Muschelkalk ; and the Upper Trias is known 
as the Keuper. 

I. The lowest division of the Trias is known as the Bunter 

Sandstein (the Grh ii^arri of ihe French), from the generally 

legated colours of the beds which compose it (German, 

ni, variegated). The Btmter Sandstein of the continent of 

Europe consists of red and white sandstones, with red clays; 
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.inii thin limeslones, the whole attaining a thickness of about 
1500 feet, Tlie term "marl" is very generally employed to 
designate the clays of the Loner and Upper Trias ; but the 
term is inappropriate, as they may contain no lime, and are 
therefore not always genuine marls. In Britain the Burner 
Sandstein consists of red and mottled sandstones, with uncon- 
solidated conglomerates, or " pebble-beds," the whole having 
a thickness of 1000 to 2000 feet. The Bunter Sandstein, as 
a rule, is very barren of fossils. 

II. The Middle Trias is not developed in Britain, but it 
is largely develojjed in Germany, where it constitutes what is 
known as the Muschtlkalk (Germ. Muschel, mussel ; kalk, lime- 
stone), from tlie abundance of fossil shells which it contains. 
The Muschelka!k(the Ca/fa(«fc^///irBrof the French) consists 
of compact grey or yellowish limestones, sometimes dolomitic, 
and including occasional beds of gypsum and rock-salt 

III. The Upper Trias, or Keuper (the Mames trisees of the 
French), as it is generally called, occurs in England; but is 
not so well developed as ic is in Germany. In Britain, the 
Keuper is 1000 feet ot more in thickness, and consists of whitfl 
and brown sandstones, with red marls, the whole topped by 
red clays with rock-salt and gypsum. 

The Keuper in Britain is extremely unfossiliferous ; but it 
passes upwards with perfect conformity into a very remarkable 
group of beds, at one time classed with the Lias, and now 
known under the names of the Penarth beds (from Penarth, in 
Glamoi^anshire), the Rhretic beds (from the Rhjelic Alps), or 
the Avicula coniorta beds (from the occurrence in them of 
great numbers of this peculiar Bivalve). These singular beds 
have been variously regarded as the highest beds of ihe Trias, 
or the lowest beds of the Lias, or as an intermediate grouji. 
The phenomena observed on the Continent, however, render 
it best to consider them as Triassic, as they certainly agree 
with the so-called Upper St Cassian or Kossen beds which 
form the top of the Trias in the Austrian Alps. 

The Penarth beds occur in Glamorganshire, Gloucestershire, 
Warwickshire, Staffordshire, and the north of Ireland; and 
they generally consist of a small thickness of grey marls, white 
limestones, and blai.k shales, surmounted conformably by the 
lowest beds of the Lias. The most characteristic fossils which 
they contain are the three Bivalves Cardium Rhaticum, Avtaila 
conivrla, ^nA Feden Valoniensis ; but they have yielded many 
other fossils, amongst which the most important are the re- 
mains of Fishes and smaH Mammals {MicroUstes). 
, In the Aust.rian Alps the Trias terminates upwards in an 



lOtice a difference as concerns the different members of the 
similar to that which has been already mentioned in 
connection with the Permian formation. The arenaceous 
deposits of the series, namely, resemble those of the Permian, 
not only in being commonly red or variegated in their colour, 
but also in their conspicuous paucity of organic remains. 
I'hey for the most part are either wholly unfossiliferous, or 
they contain the remains of plants or the hones of reptiles, 
such as may easily have been drifted from some neighbouring 
shore. The few fossils which may be considered as properly 
belonging to these deposits are chiefly Crustaceans {Estheria) 
or Fishes, which may well have lived in the « aters of estuaries 
or vast inland seas. We may therefore conclude, wilh con- 
siderable probability, that the barren sandy and marly accumu- 
lations of the Bimter Sandslein and Lower Keuper were not 
laid down in an open sea, but are probably brackish -water 
deposits, formed in estuaries or lamiiockcd bodies of salt 
1 water. This at any rate would appear to be the case as regards 
Hl;these members of the series as developed in Britain and in 
H~tiieir typical areas on the continent of Europe ; and the origin 
H;of most of the North American Trias would appear to be 
B-niuch the same. Whether this view be correct or not, it is 
H'certain thai the beds in question were laid down in ihallow 
^rwater, and in the immediate vicinity of land, as shown by the 
■ numerous drifted plants which they contain and the common 
occurrence in them of the footprints of air-breathing animals 
(Birds, Reptiles, and Amphibians). On the other hand, the 
middle and highest members of the Trias are largely calca- 
reous, and are replete with the remains of undoubted marine 
animals. There cannot, therefore, be the smallest doubt but 
that the Muschelkalk and the RhEtic or Kossen beds were 
slowly accumulated in an open sea, of at least a moderate 
J dtepth ; and they have preserved for us a very considerable 
[.selection from the marine fauna of the Triassic period. 

The plants of the Trias are, on the whole, as distinctively 
Mesozoic in their aspect as those of the Permian are Palseo- 
zoic. In spite, therefore, of the great difficulty which is ex- 
perienced in effecting a satisfactory stratigraphical separation 
between the Permian and the Trias, we have in this fact a 
proof that the two formations were divided by an interval of 
time sufficient to allow of enormous changes in the terrestrial 
vegetation of the world. The Lepidodendroids, AiierophylliUs, 
and Annuhria, of the Coal and Permian formations, have now 
apparently wholly disappeared ; and the Triassic flora consists 
ainly of Ferns, Cycads, and Conifers, of which only the two 
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sent considerable resemblance to young Palras, but which in 
reality are most nearly related to the Pines and Firs (Comfira). 
The trunk is unbranched, often much shortened, and bears a 
crown of feathery pinnate fronds. The leaves are usuaJly 
"circinate" — they unroll in expanding, like the fronds of 
ferns. The seeds are not protected by a seed-vessel, but are 
borne upon the edge of altered leaves, or are carried on the 
scales of a cone. Ail the living species of Cycads are natives 
of warm countries, such as South America, the West Indies, 
Japan, Australia, Southern Asi't, and South Africa. The 
remains of Cycads, as we have seen, are not known to occur 
in the Coal formation, or only to a very limited extent towards 
its close ; nor are they known yith certainty as occurring in 
Penuian deposits. In the Triassic period, however, the re- 
mains of Cycads belonging to such genera as Pterophyllum 
(fig. t4r, b), Zamiles, and PodozamiUs (fig. 141, c), are suffi- 
ciently abundant to constitute quite a marked feature in the 
vegetation; and they continue to be abundantly represented 
throughout the whole Mesozoic series. The name " Age of 
Cycads," as applied to the Secondary epoch, is therefore, 
from a botanical point of view, an extremely appropriate one. 
The Conifers of the Trias are not uncommon, the principal 
form being Vdizia (fig. 141, a), which possesses some peculiar 
characters, but would appear to be most nearly related to the 
recent Cypresses. 

As regards the /nvertehra/e animals of the Trias, our know- 
ledge is still principally derived from the calcareous beds 
which constitute the centre of the system (the Muschelkalk^ 
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istic of the Muschelkalk, In this beautiful species, the flower- 
like head is supported upon a rounded stem, the joints of 
which are elaborately articulated with one 
another; and the fringed arms are com- 
posed each of a double series of alter- 
nating calcareous pieces. The Palaeozoic 
Urchins, with their supernumerary rows of 
jilates, the Cystideans, and the Pentremites 
have finally disappeared ; but both Star- 
fishes and Brittle-stars continue to be rep- 
resented. One of the latter — namely, the 
J ip'/iura Joricata oi OoWuss (fig. 143) — is 





highly characteristic of the Muschelkalk. 

The remains of Artkulate Animals are 
not very abundant in the Trias, if we except 
the bivalved cases of the httle Water-fleas 
(Ostraioiia), which are occasionally very 
mtifut. There are also many species 
of the horny, concentrically-striated valves 
of the F.stheritE {see fig. laz, b\ which 
might easily be taken for small Bivalve 
Molluscs. The " Long-tailed " Decapods, 
of the type of the Lobster, are not with- 
out examples, but they become much more 
numerous in the succeeding Jurassic pe- 
riod. Remains of insects have also been discovered. 

Amongst the MoHusm we have to note the disappearar 
amongst the lower groups, of many characteristic " 
types. Amongst tlie Polyzoans, the characteristic " Ijice- 
corals," Fmesiella, Rtiepora* Syiioctadia, Polypora, &c., have 
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e apparently extinct. The same is true of many of the 
Bicient types of Brachtopoiis, and conspicuously so of the 
■Treal family of the ProJactiilm, which played such an important 

■ 1 the seas of the Carboniferous and Permian periods. 
' Bivab'es (Lamelliliranchiata) and Univalves {Gasleropoiia) 
Pare well represented in the marine beds of the 'I'rias, and 
some of the former are particularly characteristic either of the 
formation as a whole or of minor subdivisions of it. A few of 
these characteristic species are figured in the accompanying 
..illustration (fig. 144). Rivalve shells of the genera Damidla 
144, a) and Nahbia (Monotis) are very abundant, and are 
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found in the Triassic stra regions, These 

groups belong to the fami I vsters (Az'imlida), 

and are singular from the striKing resemoiance borne by some 
of their included fonnsto the SfrepAu/iien/x amongst the Lamp- 
shells, though, of course, no real relation e^tists between the 
two. The little Pearl-oyster, Avicula socialis (fig. 144, /), is 
found throughout the greater part of the Triassic series, and is 
especially abundant in the Muschelkalk. The genus Myo- 
fhoria (fig. 144, f), belonging to the Trigoniaiia, and related 
therefore to the Permian Schhodus, is characteristically Trias- 
T many species of the genus being known in deposits of this 
Lastly, the so-called "RhKtic" or " Kossen" beda are , 
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characterised by the occurrence in them of the ScallQp, Pcctm 
Valoniensis {i\%. 144, b)\ the small Cockle, Cardium RlmtUum 
(fig. 144, d)\ and the curiously- twisted Pearl-oyster, Aviciila 
contorta (fig. 144, ir)— this last Bivalve being so abundant that 
the strata in question are often spoken of as the " Avicula 
contorta beds." 

Passing over the groups of the Heteropods and Pitropods. 
we have to notice the Cephalopinia, which are represented in 
the Trias not only by the chambered shells of Tdrabranchiates, 
but also, for the first time, by the internal skeletons of Dibraii- 
ehiate forms. The Trias, therefore, marks the first recognised 
appearance of true Cutde-fishes. All the known examples of 
these belong to the great Mesozoic group of the Bdemnifidce ; 
and as this family is much more largely developed in the suc- 
ceeding Jurassic period, the consideration of its characters 
will be deferred till that formation, is treated of. Amongst the 
chambered Cephalopods we find quite a number of the Pale- 
ozoic OrthoceratitEs, some of them of considerable size, along 
with the ancient Cyttocfras Z-uA Genialites ; and these old types, 
singularly enough, occur in the higher portion of the Trias 
(St Cassian beds), but have, for some unexplained reason, not 
yet been recognised in the lower and equally fossiliferous 
formation of the Muschelkalk. Along with these we raeel for 
the first time with true Ammonites, which fill such an extensive 
pkice in the Jurassic 
'uas, and which will 
Ir.; spoken of here- 
lifter. The form, how- 
ever, which is most 
characteristic of the 
Trias is Crratites (fig. 
14s)- In this genus 
theshell is curved into 
a Hat spiral, the volu- 
tions of which are in 
contact; and it further 
iiyrees with both Ga- 
iiiatites and Ammonites 
ill the fact that the 
' '' septa or partitions be- 
tween the air-cham- 
i the AfWCi/wjand its allies), 
iproach the outer wall of the 
gs of the septa are of a simply 
and in the Ammonite they are ex- 





ire not simple and plain (as 
but are folded and bent as they 
shell. In the Gon/o/Z/e these foldi 
lobcd or anguiated 



:mely complex ; whilst in the CeratUe there is an inter- 
I'ttiediate stale of things, the special feature of which is, [hat 
those foldings which are turned towards the mouth of the 
shell are merely rounded, whereas those which are turned 
away from the mouth are characteristically toothed. The 
genus Ceratiles, though principally Triassic, has recently been 

:ognised in strata of Carboniferous age in India. 

From the foregoing it will be gathered that one of the most 
Important points in connection with the Triassic Alollusca is 
the remarkable intermixture of Paleozoic and Mesozoic types 
which they exhibit. It is to be remembered, also, that this 
intermixture has hitherto been recognised, not in the Middle 
Triassic limestones of the Muschelkalk, in which ^ as the 
oldest Triassic beds with marine fossils — we should naturally 
expect to find it, but in the St Cassian beds, the age of which 
is considerably later than that of the Muschelkalk. The 
intermingling of old and new types of Shellfish in the Upper 
Trias is well brought out in the annexed table, given by Sir 
Charles Lyell in his 'Student's Elements of Geology' (some 
of the less important forms in the table being omitted here): — 



Genera of Fossil Moli.usca in th 
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AND HALLSTADT BEDS, 




CammontoOUcTRocki. 


CluncuulitifofTnuiic 


Comrmm to N=«sr B 


Orthoceras. 


Ceralites. 




Bad rites. 


Cochloteras. 


Chmniuia. 


Macrocheilus. 


Rhabdoceras. 


Ccrilhiura. 


Laxonema. 


Aulacoceras. 


Monodorta. 


Holopelta. 


Maticella. 


Sphcera. 


MurchUonia. 


Platystoma. 


Cardila. 


PotcelUa. 


Halobia. 


Myoconcha. 


Athyris. 


Il6rtiesia. 


Hinnkis. 


Retiia. 


Koninckia. 


Monolis. 


Cyitina. 


Seoliosloma. 


Plicatula. 


Euonjphalus. 


Mjophoria. 


PachnTsma. 




(The last twQ are princi- 


Thecidium. 




pally but not exclus- 
fvely Triassic.) 








hus, to emphasise 


le more important po 


nls alone, the 1 



. i yielded, amongst the Gasteropods, the characteristically 
'alfeozoic Loxonema, Holupflla, Murchisonia, Euomphalus, and 

grcellia, along with typically Triassic forms Hke Platyitoma 
ind Seoliosloma, and the great modem groups Chemnitzia and 

'erithium. Amongst the Bivalves we find the Paleozoic 
yiegalodon side by side with the Triassic halobia and Myo- 
" 'ria, these being associated with the Cardila, Hinnites, 
^eaiit/a, and Trigonia of later deposits. The Brachiopods 
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exhibit the Paleozoic Athyris, Rctzia, and Cyrtina, with the 
Triassic Koniiuk'nt and the modern Tkecidium. Finally, it is 
here that the ancient genera OrtJwccras, Cyrtoceras, and Gonia- 
tites make their last appearance upon the scene of life, the 
place of the last of these being taken by the more complex 
and almost exclusively Triassic Ceraiiles ; whilst the still more 
complex genus Ammonites first appears here in force, aod is 
never again wanting till we reach the close of the Mesozoic 
period. The first representatives of the great Secondary 
family of the BdemniUs are also recorded from this horizon. 

Amongst the Vertebri^e Animals of the Trias, the Fishes are 
represented by numerous forms belonging to the Ganoids and 
the Placoids. The Ganoids of the period are still all provided 
with unsym metrical ("heterocercal ") tails, and belong prin- 
cipally to such genera as Palaoniscus and Catopterus. The 
remains of Placoids are in the form of teeth and spines, the 
two principal genera being the two important Secondary 
groups Acrodus and Hybodus. Very nearly at the summit 
of the Trias in England, in the Rhatic series, is a singular 
stratum, which is well known as the " bone-bed," from the 
number of fish-remains which it contains. More interesting, 
however, than the above, are the curious palate-teeth of the 
Trias, upon which Agassiz founded the genus Ceraiodus. The 
teeth of Ceratodus (fig. 146) are singular flattened plates, 
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composed of spongy bone beneath, covered superficially with 
a layer of enamel. Each plate is approximately triangular, 
one margin (which we now know to be the outer one) being 
prolonged into prongs or conical prominences, whilst the 
surface is more or less regularly undulated. Until recenriy, 
though the master-mind of Agassiz recognised that these 
singular bodies were undoubtedly the teeth of fishes, we were 
entirely ignorant as to their precise relation to the animal, or 
as to the exact aflinities of the fish thus armed. Lately, how- 
ever, there has been discovered in the rivers of Queensland 
/Australia) a living species of Ceratodus {C. Fosttri, fig. 147), 







structures and tlie manner in which they were implanted in 
the mouth. The palate carries two of these plates, with their 
longer straight sides turned towards each other, their sharpiy- 
•inuated sides turned outwards, and their short straight sides 
bases directed backwards. Two similar plates in the lower 
;w correspond to the upper, their undulated surfaces fitting 
exactly to those of the opposite teeth. There are also two 
sharp-edged front teeth, which are placed in the front of the 
mouth in the upper jaw ; but these have not been recognised 
in the fossil specimens. The living Ceralodtts feeds on vege- 
table matters, which are taken up or torn off from plants by 
the sharp front teeth, and then partially crushed between the 
undulated surfaces of the back teeth (Giinther) j and there 
need be little doubt but that the Triassic Ceratodi followed 
a similar mode of existence. From the study of the living 
Ceratodus, it is certain that the genus belongs to the same 
group as the existing Mud-fishes {Dipnoi) ; and we therefore 
leam that this, the highest, group of the entire class of Fishes 
existed in Triassic tiroes imder forms little or not at all differ- 
ent from species now alive; whilst it has become probable 
that the order can be traced back into the Devonian period. 

The Amphibians of the Trias all belong to the old order of 
the Labyrinthodonts, and some of them are remarkable for 
their gigantic dimensions. They were first known by their 
footprints, which were found to occur plentifully in the Tri- 
assic sandstones of Britain and the continent of Europe, and 
which consisted of a double series of alternately- placed pairs 
of hand-shaped impressions, the hinder print of each pair being 
much latter than the one in front (fig. 1 4.8). So like were these 
impressions to the shape of the human hand, that the at that 
time unknown animal which produced them was at once chris- 
tened Chcirotherium, or " Hand-beast." Further discoveries, 
however, soon showed that the footprints of Cheirotherium 
really produced by species of Amphibians which, like the 
existing Frogs, possessed hind-feet of a much larger size than 
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the fore-feet, and to which 
name o( Labyrintfiodontsy/as 
plied in consequence of the 
complex microscopic structure of 
the teeth (fig. 149). In the essen- 
tial details of their structure, the 
Triassic Labyrinth odonts did not 
differ materially from their pre- 
decessors in the Coal-measures 
and Perinian rocks. They pos- 
sessed the same frog like skulls 
(fig 150) ttitha lizard like body, 
a long tail, and comparatively 
feeble limbs I he hind -limbs 
were stronger and longer than 
Ihe lore hmbs, and the lower 
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iree feel in length and two feet in breadth. Restorations of 
ime of these extraordinary creatures have been attempted in 
le guise of colossal Frogs ; but they must in reahly have more 
jsely resembled huge Newts. 

Remains of Reptiles are very abundant in Triassic deposits, 
id belong to very varied types. The most marked feature, 
in fact, connected with the Vertebrate fauna of the Trias, and 
of the Secondary rocks in general, is the great abundance of 
Reptilian life. Hence the Secondary period is often spoken 
of as the " Age of Reptiles." Many of the Triassic reptiles 
depart widely in their structure from any with which we are 
acquainted as existing on the earth at the present day, and it is 
ily possible here to briefly note some of the more important 
ipf these ancient forms. Amongst the group of the Lizards 
{Laartilid), represented by p7v(orosaurus in the older Permian 
Strata, three types more or less certainly referable to this order 
may be mentioned. One of these is a small reptile which 
was found many years ago in sandstones near Elgin, in Scot- 
land, and which excited special interest at the time in conse- 
quence of the fact that the strata in question were believed to 
ilongto the Old Red Sandstone formation. It is, howevM, 



now certain tliat the Elgin sandstones which contain Tderpdon 
Elginense, as this reptile is termed, are really to be regarded as 
of Triassic age. By Professor Huxley, Teierpeton is regarded 
as a Lizard, which cannot be considered as "in any sense 
a less perfectly -organised creature than the Gecko, whose 
swift and noiseless run over walls and ceihngs surprises the 
traveller in climates wanner than our own." The "Elgin Sand- 
stones" have also yielded.another Lizard, which was originally 
described by Professor Huxley under tlie name oi Hyperoda- 
pedon, the remains of the same genus having been subsequently 
discovered in Triassic strata in India and South Africa. The 
Lizards of this group must therefore have at one time enjoyed 
a Very wide distribution over the globe ; and the living Spkaio- 
don of New Zealand is believed by Professor Huxley to be the 
nearest living ally of this family. The Hyperodapedon of the 
Elgin Sandstones was about six feet in length, with limbs 
adapted for terrestrial progression, but with the bodies of the 
vertebrK slightly biconcave, and having two rows of palatal 
teeth, which become worn down to the bone in old age. 
Lastly, the curious Rhyndtosaurns of the Trias is also referred, 
by the eminent comparative anatomist above mentioned, to the 
order of the Lizards. In this singular reptile {fig. 151) the skull 
is somewhat bini-like, and (he 
jaws appear to have been desti- 
tute of leeth, and to have been 
encased in a homy sheath like 
the beak of a Turtle or a Bird. 
It is possible, however, that ihe 
palate was furnished with teeth. 
The group of the Crocodiles 
and Alligators {Crocodilia), dis- 
tinguished by the fact that the teeth are implanted in dis- 
tinct sockets and the skin more or less extensively provided 
with bony plates, is represented in the TriaSsic rocks by the 
Stagonokpis of the Elgin Sandstones. The so-called " Theco- 
dont" reptiles (such as Belodon, Theeodontosaurus, and I'aiao- 
saurus, fig. 152, c, d, e) are also nearly related to the Croco- 
diles, though it is doubtful if they should be absolutely referred 
to this group. In these reptiles, the teeth are implanted in 
distinct sockets in the jaws, their crowns being more or less 
compressed and pointed, " with trenchant and finely serrate 
margins" (Owen). The bodies of the vertebrre are hollowed 
out at both ends, but the limbs appear to be adapted for pro- 
gression ou the land. The genus Bdodon {fig. 152, c) is 
inown to occur in the Keuper of Germany and in America; 
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The Trias has also yielded the remains of the great marine 
reptiles which are often spoken of collectively as the " Enaiio- 
" Sea-lizards," and which will be more particularly 
spoken of in treating of the Jurassic period, of which they are 
more especially characteristic In all these reptiles the limbs 
are flattened out, the digits being enclosed in a continuons 
skin, thus forming powerful swimming-paddles, resembling the 
"flippers " of the Whales and Dolphins both in their general 
structure and in function. The tail is also long, and adapted 
to act as a swimming-organ ; and there can be no doubt but 
that these extraordinary and often colossal reptiles frequented 
the sea, and only occasionally came to the land. The Triassic 
Enaliosaurs belong to a group of which the later genus 
PUsiosaurus is the type (the Sauropterygia). One of the best 
known of the Triassic genera is Nothomums (fig, 152, a), in 
I which the neck was long and bird-like, the jaws being im- 
mensely elongated, and carrying numerous powerful conical 
Lceth implanted in distinct sockets. The teeth in Simosaunis 
[352, ^) are of a similar nature ; but the orbits are of enormous 
:, indicating eyes of corresponding dimensions, and perhaps 
K>iiiting to the nocturnal habits of the animal In the singular 
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Plaegdus, again, the teeth are in distinct sockets, but resemble 
those of many fishes in being rounded and obtuse (fig, 153), 
forming broad crushing plates 
adapted for the comminu- 
tion of shell-fish. There is a 
row of these teeth all round 
the upper jaw proper, and a 
double series on the palate, 
but the lower jaw has only a 
single row of teeth. Placodm 
is found in the Muschelkalk, 
and tlie characters of its den- 
tal, apparatus indicate that 
it was much more peaceful 
in its habits than its asso 
ciates the Nothosaur ajid Si- 
tu osaur. 
The Triassic rocks of South Africa and India have yielded 
the remains of some extraordinary Reptiles, which have been 
placed by Professor Owen in a separate order under the name 
of Anomodontia. The two principal genera of this group are 
Dicyttodon and Oudmodmi, both of which appear to have been 
large Reytiles, with well-developed limbs, organised for pro- 
gression upon the dry land. In Oudenodon (fig. 15.^, B) the 
jaws seem to have been wholly destitute of iceth, and must 
have been encased in a homy sheath, similar to that with 
which we are familiar in the beak of a Turtle. In Dkynodon 
(fig. 154, A), on the other hand, the front of the upper jaw 
and the whole of the lower jaw were destitute of teeth, and 
the front of the mouth muat have constituted a kind of beak; 
but the upper jaw possessed on each side a single huge conical 
tusk, which is directed downwards, and must have continued 
to grow during the life of the animal. 

It may be mentioned that the above-mentioned Triassic 
sandstones of South Africa have recently yielded to the re- 
searches of Professor Owen a new and unexpected type of 
Reptile, which exliibits some of the structural peculiarities 
which we have been accustomed to regard as characteristic 
of the Carnivorous quadrupeds. The Reptile in question has 
been named Cynodraco, and it is looked upon by its distin- 
guished discoverer as the type of a new order, to which he has 
given the name of Titer iodoniia. The teeth of this singular 
form agree with those of the Carnivorous quadrupeds in con- 
sisting of three distinct groups— namely, front teeth or indsors, 
eye teeth or canines, and back teeth or molars. The canines 
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g and pointed, very much compressed, and having 
I lateral margins finely serrated, thus presenting a singular 







resemblance to the teeth of the extinct "Sabre-toothed Tiger" 
(Machairodus). The bone of the upper arm (humerus) further 
shows some remarkable resemblances to the same bone in the 
Carnivorous Mammals. As has been previously noticed, Pro- 
fessor Owen is of opinion that some of the Rejitilian remains 
of the Permian deposits will also be found to belong to this 
group of the " Theriodonts." 

l.astly, we find in the Triassic rocks the remains of Reptiles 
belonging to the great Mesozoic order of the Deinomwia. 
This order attains its maximum at a later period, and will be 
spoken of when the Jurassic and Cretaceous deposits come to 
be considered. The chief interest of the Triassic Reptiles of 
this group arises from the fact that ihey are known by their 
footprints as well as by their bones ; and a question has 
whether the supposed footprints of birds whith occur in the 
Trias have not really been produced by Deinosaurs. This 
_leads us, therefore, to s]ieak at the same time as to the evi- 

; which we have of the existence of the class'of Birds 

g the Triassic period. No actual bones 




as yet been detected in any Triassic deposit ; but we have 
tolerably clear evidence of their existence at this time in the 
form o^ footprints. The impressions in question are found in 
considerable numbers in certain red sandstones of the age of 
the Trias in the valley of the Connecticut River, in the United 
States. They vary much in size, and have evidently been 
produced by many different animals walking over long 
stretches of esluarine mud and sand exposed at low water. 
The footprints now under consideration form a double series 
of single prints, and therefore, beyond all question, are the 
tracks of a biped—Hnax is, of an animal which walked upon 
two legs. No living animals, save Man and the Birds, walk 
habitually on two legs ; and there is, therefore, a primh fade 
presumption that the authors of these prints were Birds. 
Moreover, each impression consists of the marks of three toes 
turned forwards (tig. 155), and therefore are precisely such as 
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might be produced by Wading or Cursorial Birds. Further, 
the impressions of the toes show exactly the same numerical 
progression in the number of the joints as is observable in 
living Birds — that is to say, the innermost of the three toes 
consists of three joints, the middle one of four, and the outer 
one of five joints. Taking this evidence collectively, it would 
have seemed, until lately, quite certain that these tracks could 
only have been formed by Birds. It has, however, been 
shown that the Deinosaurian Reptiles possess, in some cases 
at any rate, some singularly bird-like characters, amongst 



he fact tliat the animal possessed the power of 
^raporarily at least, on its hind-legs, which were 
much longer and stronger than ihe fore -limbs, and which 
were sometimes furnished with no more than three toes. 
As the bones and teelh of Deinosaurs have been found in 
the Triassic deposits of North America, it may be regarded as 
'certain that some of the bipedal tracks originaily ascribed to 
I Birds must have really been produced by these Reptiles. It 
F^eems at the same lime almost a certainty that others of the 
■ three-toed impressions of the Connecticut sandstones were in 
truth produced by Birds, since it is doubtful if the bipedal 
mode of progression was more than an occasional thing 
amongst the Deinosaurs, and the greater number of the 
many known tracks exhibit no impressions of fore ■ feet. 
Upon the whole, therefore, we may, with much probability, 
conclude that the great class of Birds {Ai'fs) was in existence 
in the Triassic period. If this be so, not only must there 
have been quite a number of different forms, but some of 
. them must have been of very large size. Thus the largest 
footprints hitherto discovered in the Connecticut sandstones 
are 22 inches long and u inches wide, with a proportionate 
length of stride. These measurements indicate a foot four 
times as large as that of the African Ostrich ; and the animal 
which produced them^whether a Bird or a Deinosaur — must 
have been of colossal dimensions. 

Finally, the Trias completes the tale of the great classes of 
the Vertebrate sub-kingdom by presenting us with remains of 
the first known of the true Quadrupeds or Mammalia. These 
are at present only known by their teeth, or, in one instance, 
by one of the halves of the lower jaw ; and Ihese indicate 
minute Quadrupeds, which present greater affinities with the 
little Banded Ant-eater {Myrmefohius fasciatus, fig. 158) of 
I Australia than with any other living fonn. If this conjecture 





ihe Old World, the only known TriassJc Mammals belong to 
the genus Microkstes, and to t!ie probably identical Hypsi- 
prymnopsis of Professor Boyd Dawkins, The teeth of Micro- 
Ustet (fig. 157) were originally discovered by Plieninger in 
1847 in Che "bone-bed" which is characteristic of Che sum- 
mit of the Rhsetic series both in Britain and on the continent 
of Kiirope ; and the known remains indicate two species. In 
Britain, teeth of Microlestes have been discovered by Mr 
Charles Moore in deposits of Upper Triassic age, filling a 
fissure in the Carboniferous limestone near Frome, in Somer- 
setshire ; and a molar tooth of Hypstprymnopsis was found by 
Professor Boyd Dawkins in Rhtetic marls below the " bnne- 
bed" at Watchet, also in Somersetshire. In North America, 
lastly, there has been found in strata of Triassic age one of 
the branches of the lower jaw of a small Mammal, which has 
been described under the name of Dromatherium sylvesirt 
(fig. 156). The fossil exhibits ten small molars placed side 
by side, one canine, and three incisors, separated by small 
intervals, and it indicates a small insectivorous animal, pro- 
bably most nearly related to the existing Myrmewbivs. 
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CHAPTER XVI. 

THE JURASSIC PERIOD. 

Resting upon the Trias, with perfect conformity, and wifli 
an almost undelenninable junction, we have the great series ot 
deposits whicli are known as the Oolitic Rocks, from the com- 
mon occurrence in them of oolitic limestones, or as the Juras- 
sic Rocks, from Iheir being largely developed in the mountain- 
range of the Jura, on the western borders of Switzerlanil. 
Sediments of this series occupy extensive areas in Great Britain, 
on the continent of Europe, and in India In North America, 
limestones and marls of this age have been detected in " the 
Black Hills, the Laramie range, and other eastern ridges of the 
Rocky Mountains ; also over the Pacific slope, in the Uintah, 
Wahsatch, and Humboldt Mountains, and in the Sierra Ne- 
vada" (Dana); but in these regions their extent is still un- 
known, and their precise subdivisions have not been deter- 
mined. Strata belonging to the Jurassic period are also known 
to occur in South America, in Australia, and in the Arctic 
zone. When fully developed, the Jurassic scries is capable of 
subdivision into a number of minor groups, of which some are 
clearly distinguished by their mineral characters, whilst others 
are separated with equal certainty by the differences of the 
fossils that they contain. It will he sufficient for our present 
purpose, without entering into the more minute subdivisions 
of the series, to give here a very brief and general account 
of the main sub-groups of the Jurassic rocks, as developed in 
Britain — the arrangement of the Jura- format! on of the continent 
of Europe agreeing in the main with that of England. 

I. The Lias. — The base of the Jurassic series of Britain 
is formed by the great calcareo- argillaceous deposit of the 
" Lias," which usually rests conformably and almost inseparably 
upon the Rhastic beds (the so-called "White Lias"), and 
passes up, generally conformably, into the calcareous sand- 
stones of the Inferior Oolite. The Lias is divisible into the 
three principal groups of the Lower, Middle, and Upper Lias, 
as under, and these in turn contain many well-marked '"zones;" 
so that the Lias has some claims to be considered as an inde- 
pendent formation, equivalent to all the remaining Oolitic 
rocks. . The Lcnver Lias (Terrain Sinetnurien of D'Orbigny) 
sometimes attains a thickness of as much as 600 feet, and con- 
sists of a great series of bluish or greyish laminated clays, 
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jllternaling with thin bands of blue or grey limestone — the 
jVbole, when seen in quarries or cliffs from a little distance, 
assuming a characteristically striped and banded appearance. 
By means of particular species of Ammoniles, taken along with 
other fossils which are confined to particular zones, the Lower 
Lias may be subdivided into several well-marked horizons. 

^^he Middle Lias, or Marlsione Scrits {Tttrain Liasim of 
3'Orbigny), may reach a thickness of 200 feet, and consists of 
tnds, arenaceous marls, and argillaceous hniestones, sometimes 

'with ferruginous beds. The Upper Lias (Terrain loarden of 
D'Orbigny) attains a thickness of 300 feet, and consists princi- 
pally of shales below, passing upwards into arenaceous strata. 

II. The Lower Oolites. — Above the Lias comes a com- 
plex series of partly arenaceous and ar^llaceous, but prin- 
cipally calcareous strata, of which the following are the more 
important groups; a, The Inferior Oolite (Terrain Bajocien 
of D'Orbigny), consisting of more than 200 feet of oolitic 
limestones, sometimes more or less sandy; h, The Fuller's 
Earth, a series of shales, clays, and marls, about 120 feet in 
thickness; c. The, Great Oolite or Bath Oolite {Terrain Bath- 

tonien of D'Orbigny), consisting principally of oolitic lime- 
«tones, and attaining a thickness of about 130 feet The well- 
known " Stonesfield Slates " belong to this horizon ; and the 
locally developed " Bradford Clay," " Combrash," and " For- 
est-marble" may be regarded as constituting the summit of 
this group. 
IlL The Meudle Oolites. — The central portion of the 
Jura-ssic series of Britain is formed by a great argillaceous de- 
posit, capped by calcareous strata, as follows : a. The Oxford 
Clay (Terrain Ciilloi'ien and Terrain Oxfordien of D'Orbigny), 
consisting of dark-coloured laminated clays, sometimes reach- 
ing a thickness of 700 feet, and in places having its lower por- 
tion developed into a hard calcareous sandstone (" Kelloway 
Rock"); 6, The Coral-Rag (Terrain Cora/lien of D'Orbigny, 
"Nerinean Limestone" of the Jura, " Diceras Limestone" of 

tthe Alps), consisting, when typically developed, of a central 
mass of oolitic limestone, underlaid and surmounted by cal- 
careous grits. 
IV, The Upper Oolites.— a, The base of the Upper 
Oolites of Britain is constituted by a great thickness (600 feet 
or more) of laminated, sometimes carbonaceous or bituminous 
clays, which are known as the Kimmeridge Clay (Terrain Kim- 
mh-idgien of D'Orbigny); b. The Portland Beds (Terrain Port- 
Ljandien of D'Orbigny) succeed the Kimmeridge clay, and con- 
ft^t inferiorly of sandy beds surmounted by oolitic limestones 



('■ Portland Stone "), the whole series attaining a thickness of 
150 feel or more, and containing marine fossils ; f. The Pur- 
beck Beds are apparently peculiar to Great Britain, where they 
form the summit of the entire Oolitic series, attaining a total 
thickness of from 150 to 200 feet. The Purbeck beds consist 
of arenaceous, ai^ilaceoiis, and calcareous itrata, which can 
be shown by their fossils to consist of a most remarkable alter- 
nation of freshwater, brackish-water, and purely marine sedi- 
ments, together with old land-surfaces, or vegetable soils, which 
contain the upright stems of trees, and are locally known as 
" Dirt-beds." 

One of the most important of the Jurassic deposits of the 
continent of Europe, which is believed to be on the horizon 
of the Coral-rag or of the lower part of the Upper Oolites, is 
the ■' Solenhofai Slate" of Bavaria, an exceedingly fine-grained 
limestone, which is largely used in lithography, and is cele- 
brated for the number and beauty of its organic remains, and 
especially for those of Vertebrate animals. 

The subjoined sketch-section {fig. T59} exhibits in a dia- 



grammatic form the general succession of the Ji 
Britain. 

Regarded as a whole, the Jurassic formatic 
marine ; and though remains of drifted plants, 
and other air-breathing animals, 
of the formation are in the main marine, 
■s of Britain, anticipatory of the great 
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Wealden, there are fresh-water, brackish-water, and even terres- 
trial strata, indicating that the floor of the Oolitic ocean was 
undergoing upheaval, and that the marine conditions which 
had formerly prevailed were nearly at an end. In places 
also, as in Yorkshire and Sulherlandshire, are found actual 
beds of coal : but the great bulk of the formation is an indu- 
bitable sea-deposit; and its hmestones, oolitic as they com- 
raonly are, nevertheless are composed largely of the commiii- 
uted skeletons of marine animals. Owing to the enormous 
number and variety of the organic remains which have been 
yielded by the richly fossiliferous strata of the Oohtic series, 
it will not be possible here to do more than to give an outline- 
sketch of the principal forms of life which characterise the 
Jurassic period as a whole. It is to be remembered, however, 
that every minor group of the Jurassic formation has its own 
peculiar fossils, and that by the labours of such eminent ob- 
servers as Quenstedt, Oppel, D'Orbigny, Wright, De la Beche, 
Tate, and others, the entire series of Jurassic sediments admits 
e complete and more elaborate subdivision into !■ 



fore, with those of the preceding Triassic formation. The 
Fa-ns are very abunJant, and belong partly to old and partly 
to new genera. The Cycads are also very abundant, and, on 
the whole, constitute the most marked feature of the Jurassic 
vegetation, many genera of this group being known {Plgro- 
phyltum, Otozamiles, ZamiUs, Crossoxamia, IVilliamsonia, Buck- 
latidies, &c) The so-called "dirt-bed" of the Purbeck series 
consists of an ancien soil, in which stand erect the trunks of 
Conifers and the silicified stools of Cycads of the genus Mantd- 
iia (fig, i6o). The Coniferte of the Jiu^ssic are represented bfa 
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various forms more or less nearly allied to the existing Arau- 
carUe; and these are known not only by their stems or 
branches, but also in some cases by their cones. We meet, 
also, with the remains of undoubted Endogenous plants, the 
most important of which are the fruits of forms allied to the 
existing Screw-pines {Pandaneie), such as Podocarya and Kaida- 
carpum. So far, however, no remains of Palms have been 
found; nor are we acquainted with any Jurassic plants which 
could be certainly referred to the great " Angiospermous " 
group of the Exogens, including the majority of our ordinary 
plants and trees. 

Amongst animals, the Protozoans are well represented in 
the Jurassic deposits by numerous Foraminifers and Spon^; 
as are the Ctelenterates by numerous Corals. Remains 
of these last-mentioned organisms are extremely abundant 
in some of the limestones of the formation, such as the 
" Coral-rag "and the Great Oolite ; and the former of these 
may fairly be considered as an ancient " reef." The Rugosi 
Corah have not hitherto been detected in the Jurassic rocksj 
and the " Tabulate Corals," so-called, are represented only bj 
examples of the modem genus MUkpora. With this excep- 
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tion, all the Jurassic Corals belong lo the great group which 
predominates in recent seas {iCoatil/iaria sclerodermata); and 
the majority belong to the important reef-building family of 
the " Star-corals "(J^'j/riBjfl'iy) The form here figured {Tliecos- 
milia annularis, fi^ i6t) is one oi the characteristic species 
of the Coral rag 
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The Echinoderms are very numerous and abundant fossils 
in the Jurassic series, and are represented by Sea-lilies, Sea- 
urchins, Star-fishes, and Brittle-stars, The Crinoids are still 
common, and some of the limestones of the series are largely 
composed of the lUbris of these organisms. Most of the 
Jurassic forms resemble those with which we are already 
familiar, in having the body permanently attached to some 
foreign object by means of a longer or shorter jointed stalk 
or " column." One of the most characteristic Jurassic genera 
of these " stalked " Crinoids (though not exclusively confined 
to this period) is Penlan-inus (fig. 162). In this genus, the 
column is five-sided, with whorls of " side-arms ; " and the arms 
are long, slender, and branched. The genus is represented 
at the present day by the beautiful " Medusa-head Pentacrin- 
ite " (Ptntacrinus eaptit-mediisa). Another characteristic Oolitic 
genus is Apioerinus, comprising the so called " Pear Encriniles." 
In this group the column is long and rounded, with a dilated 
base, and having its uppermost joints expanded so as to form, 
with the cup itself, a pear-shaped mass, from the summit of 
which spring the comparatively short arms. Besides \.'t\e. 
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■ the existing "Feather- 
stars " (Comattda) in \je\t\g attached when young to somf 



reign body by means of a jointed stem, from which they 
'detach themselves when fully grown to lead an iniiependent 
s. In this later stage of their life, therefore, they 
closely resemble the Brittle-stars in appearance. True Star- 
fishes {Asteroids) and Britlle-stars {Ophiiiroids) are abundant 
in the Jurassic rocks, and the Sea-urchins {Ediinoids) are so 
numerous and so well preserved as to constitute quite a marked 
feature of some beds of the series, AU the Oolitic urchins 
agree with the modem Echimids in having the shell composed 
of no more than twenty rows of plates. Many different genera 
are known, and a cTiaracteristic species of the Middle Oolites 
(HemUidaris crenulariSy fig. 163) is here figured. 



^ Passing over the Anndides, which, though not uncommon, 
are of little special interest, we come to the Articulates, which 
also require little notice. Amongst the Crustaceans, whilst the 
little Water-fleas {Osiracoda) are still abundant, the most mark- 
ed feature is the predominance which is now assumed by the 
Decapods — the highest of the known groups of the class. True 
Crabs {Brachyurd) are by no means unknown.; but the prin- 
cipal Oohtic Decapods belonged to the " Long tailed " group 
{Maerura), of which the existing Lobsters, Prawns, and 
Shrimps are members. The fine-grained lithographic slates of 
Solenhofen are especially famous as a depot for the remains 
of these Crustaceans, and a characteristic species from this 
locality (Eryon arctiformis, fig. 164) is here represented. 
Amongst the air-breathing Articulates^ we meet in the Oolitic 
rocks with the remains of Spiders {Arachnidd), Centipedes 
{Myriapodd), and numerous true Insects (Insectd). In con- 
nection with the last-mentioned of these groups, it is of interest 
to note the occurrence of the oldest known fossil Butterfly 
— -the Palmontina OolUica of the Stonesfield slate — the rela- 
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beautiful as they are, must be at once dismissed ; but the 
Brachiopods deserve a raoment's attention. Tlie Jurassic 
I^mp-sliells (fig. 165) do not fill by aoy means such a pre- 
dominant [ilace in the uiarine fauna of the period, as in many 
Palasozoic deposits, but they are still individually numerous. 
The two ancient genera L^ptana (fig. 165, a) and Sptrifera (fig. 
165, b), dating the one from tlie Lower and the other from the 
Upper Silurian, appear here for the last time upon the scene, 
but they have not hitherto been recognised in deposits later 
than the Lias. TJie great majority of the Jurassic Brachiopods, 
however, belong to the genera Terebratula (fig. \b^,c,e,f) 
and Rhynchoiiella (fig. 165, d), both of which are represented 
by living forms at the present day. The Terebmlu/ie, in par- 
ticular, are very abundant, and the species are often confined 
to special horizons in the series. 

Remains of Bwalves {Lamfllibranchiaia) are very numerous 
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in the Jurassic deposits, and in many cases highly character- 
istic. In tlie marine beds of the Oolites, which constitute by 




the fiiure indicstlriK the true lia of the ihrll— Liu ; t, Sttrifira . , 

Tiy/iyAtiila fiadri^Ja. Liu : d, i, SkyacluiKflla iud^su. Fuller's Earth and Kello- 
way Rock ; r, Ttrthmlutit sflatrsiHalis, Infcnnr Oolite ;/, Ttrebratxta digssa, Biad- 
rord Clay, FoRSt-niarhle, and Ureal Oallle. (After Davii&iii). 

far the greater portion of the whole formation, the Bivalves 
are of couree marine, and belong to such genera as THgonia, 
Lima, Pkolaihmya, Cardiiiia, Avuula. Hippopodiiim, &c. ; but 
in the Purbeck beds, at the summit of the series, we find 
bands of Oysters alternating with strata containing fresh-water 
or brackish- water Bivalves, such as Cyrgna and Corbtiltg. The 
predominant Bivalves of the Jurassic, however, are the Oysters, 
which occur under many forms, and often in vast numbers, 
jiarticular species being commonly restricted to particular 
horizons. Thus of the true Oysters, Ostrea distorta is char- 
acleristic of the Ptirbeck series, where it forms a bed twelve 
feet in thickness, known locally as the " Cinder-bed ; " Ostrea 
expansa abounds in the Portland beds; Ostrea deltotdea is 
characteristic of the Kimmeridge clay ; Ostrea gregaria pre- 
dominates in the Coral-rag ; CJj/rrMUiraw/aii/rt characterises the 
small group of the Fuller's Earth ; whilst the platted Ostrea 
Marsha {fig. i66) is a common shell in the Lower and Middle' 
Oolites. Besides the more typical Oysters, the Oolitic rocks 
abound in examples of the singularly nnsymmelrical forms 
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belonging to the genera Exogyra and Gryphaa ffig. 167). In 
the former of these are included Oysters with the beaks 
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"reversed" — that is to say, turned towards the hinder part of 
the shell ; whilst in the latter are Oysters in which the lower 
valve of the shell is much the largest, and has a large incurved 
bealt, whilst the upper valve is small and concave. One of 
the most characteristic Exogyra is the E. virgula of the Oxford 
Clay, and of the same horizon on the Continent; and the 
Gryphaa incuri'a (fig. 167) is equally abiindatit in, and char- 
acteristic of, the formation of the I.ias. Lastly, we may 
rdinary shells belonging to the genus Diceras 
are exclusively confined to the Middle 
Oohtes. In this formation in 
the Alps they occur in such 
abundance as to give rise to 
the name of " Calcaire k Di- 
cerates," ajiplied to beds of 
the same age as the Coral- 
rag of Britain. The genus Di- 
ceras belongs to the same fam- 
ily as the " Thorny Clams" 
( C/iama) of the present day — 
the shell being composed of 
nearly equally-sized valves, the 
beaks of which are extremely 
prominent and twisted into a 
spiral. The shell was attached to some foreign body by the 
beak of one of its valves. 

Amongst the Jurassic Univalves [Gasleropoiid) there are 
many examples of the ancient and long-lived Pleiirotomaria ; 
but on the wliole the Univalves begin to have a modern 
aspect. The round-moiitlied (" holostomatous "), vegetable- 
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.ting Sea-snails, such as ihe Limpets {Patdlidoi). tlie Nerites 
^Mrita), the Turritellie, C/iemniizieE, Ike, still hold a predomi- 
place. The two most noticeable genera of this group 
are Ccrilhiiim and Nerinma — tlie former of these attaining 
great importance in the Tertiary and Recent seas, whilst the 
latter (fig. 169) is highly characteristic of the Jurassic series, 
though not exclusively contined to 
it One of the limestones of the 
Jura, believed to be of the age of 
the Corai-rag{Middle Oolite) of Hri- 
lain, abounds to such an extent in 
the turreted shells of J}^erinaa as to 
have gained the name of " Calcaire 
\ Ne'rin^es." In addition to forms 
such as the preceding, we now for 
the first time meet, in any force, 
with the CaiTiivorous Univalves, in 
which the mouth of the shell is 
notched or produced into a canal, 
giving rise to the technical name 
' siphon OS tomatous," applied to 
the shell. Some of the carnivorous 
forms belong to extinct types, such ^Tp'S""""' """■"""' 

the Purpuroidea of the Great Oo- 
lite ; but others are referable to well-known existing genera. 
Thus we meet here with species of the familiar groups of the 
Whelks {Buccinum), the Spindle -shells (Fujus), the Spider- 
shells {Pta-oceras), Murex, RosteUaria, and others which are 
not at present known to occur in any earlier formation. 

Amongst the Wing-shells {Pieropoda), it is sufficient to mark 
the final appearance in the Lias of the ancient genus Conularia. 

Lastly, the order of the Cepltalopoda, in both its Tetrabran- 
chiate and Dibranchiate sections, undergoes a vast devel- 
opment in the Jurassic period. The old and comparatively 
simple genus Nautilus is still well represented, one species 
being very similar to the living Pearly Nautilus {N. pompihus); 
but the Orthocerata and GoniatiUs of the Trias have finally 
disappeared ; and the great majority of the Tetrabranchiate 
forms are referable to the comprehensive genus Ammonites, 
with its many sub-genera and its hundreds of recorded species. 
The shell in Ammmites is in the form of a flat spiral, all the 
coils of which are in contact (figs. 170 and 171). The inner- 
most whorls of the shell are more or less concealed; and the 
body-chamber is elongated and narrow, rather than expanded 
towards the mouth. The tube or siphuncle which runs through 







ites from Goniatites and Ceralites is the wonderfully complex 
manner in which the sepia, or partitions between ihe air-cham- 
bers, are folded and undulated. To such an extent does this 
take place, that the edges of ihe septa, when exposed by the 







removal of the shell -substance, present in an exaggerated man- 
ner the appearance exhibited by an elaborately-dressed shirt- 
frill when viewed edgewise. The species of AmmoniUs range 
from the Carboniferous to tlie Chalk ; but they have not been 






lund in deposits older than the Secondary, in any region 
:ept India; and they are therefore to be regarded as essen- 
ily Mesozoic fossils. Within tliese limits, each formation 
characterised by particular species, the niimber of individ- 
_ .!s being often very great, and the size which is sometimes 
attained being nothing short of gigantic. In the Lias, par- 
ticular species oi AmmoniUs may succeed one another regu- 
larly, each having a more or less definite horizon, which it does 
not transgress. It is thus possible to distinguish a certain 
number of zones, each characterised by a particular Ammonite, 
ith other associated fossils. Some of these zones 
very persistent and extend over very wide areas, thus afford- 
ig valuable aid to the geologist in his determination of 
It is to be remembered, however, that there are other 
icies which are not thus restricted in their vertical range, 
'en in the same formations in which definite iones occur. 
The Cutde-fishes or Dibraiuhiate Cephalopods constitute a 
feature in the life of the Jurassic period little less conspicuous 
and striking than that afforded by the multitudinous and varied 
chambered shells of the Ammonitidm. The remains by which 
these animals are recognised are necessarily less perfect, as a 
rule, than those of the latter, as no external shell is present 
(except in rare and more modern groups), and the internal 
skeleton is not necessarily calcareous. Nevertheless, we have 
an ample record of the Cuttle-fishes of the Jurassic period, in 
the shape of the fossilised jaws or beak, the ink-bag, and, most 
commonly of all, the homy or calcareous structure which is 
embedded in the soft tissues, and is variously known as the 
"pen" or "bone." The beaks of Cuttle-fishes, though not 
abundant, are sufficiently plentiful to have earned for them- 
selves the general title of " Rhynchohtes ; " and in their form 
and ftinction they resemble the horny, parrot-like beak of the 
isting Cephalopods. The ink-bag or leathery sac in which 
ihe Cuttle-fishes store up the black pigment with which they 
ibscure the water when attacked, owes its preservation to the 
fact that the colouring-matter which it contains is finely-divid- 
ed carbon, and therefore nearly indestructible except by heaL 
Many of these ink-bags have been found in the Lias; and the 
colouring- matter is sometimes so well preserved that it has 
been, as an experiment, employed in painting as a fossil 
" sepia." The " pens " of the Cuttle-fishes are not commonly 
preserved, owing to their horny consistence, but they are not 
unknown. The form here figured (Belotenthis subcoslata, fig. 
72) belonged to an old type essentially similar to our modem 
' ilamaries, the skeleton of which consists of a hornY sl\a&. 
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and two lateral wings, somewhat like a feather in general 
shape. When, on the other hand, the internal skeleton is 
calcareous, then it is very easily preserved 
in a fossil condition ; and the abundance 
of remains of this nature in the Secondary 
rocks, combined with their apparent total 
absence in Palaeozoic strata, is a strong pre- 
sumption in favour of the view that the order 
of the Cuttle-fishes did not come into exis- 
tence till the commencement of the Meso- 
ioic period. The great majority of (lie skele- 
tons of this kind which are found in the Jin- 
assic rocks belong lo the great extinct family 
of the " Belemnites " {Belemnitide), which, so 
far as known, is entirely confined to rocks 
of Secondary age. From its pointed, gener- 
ally cylindro- conical form, the skeleton of 
the Bekmnite is popularly known as a "thvin- 
Y\^.iTi.—Bci^U' derbolt"(fig. 173, C). In its perfect condition 
hmML'^)- * — '" which it is, however, rarely obtainable — 

the skeleton consists of a chambered conical 
shell {the "phragmacone "), the partitions between the chambers 
of which are pierced by a marginal tube or " siphuncle," This 
conical shell — curiously similar in its structure to the external 
shell of the Nautilus— is extended forwards into a horny 
"pen," and is sunk in a corresponding conical pit (fig. 173, B), 
excavated in the substance of a nearly cylindrical fibrous 
body or "guard," which projects backwards for a longer or 
shorter distance, and is the ])art most usually found in a fos.si! 
condition. Many different kinds oi Belemnites are known, and 
their guards literally swarm in many parts of the Jurassic series, 
whilst some specimens attain very considerable dimensions. 
Not only is the internal skeleton known, but specimens of 
Belemnites and the nearly allied Belemnoteuthis have beeu found 
in some of the fine-grained sediments of the Jurassic formation, 
from which much has been learnt even as to the anatomy of 
the soft parts of the animal. Thus we know that the Belem- 
nites were in many respects comparable with the existing 
Calamaries ot Squids, the body bging furnished with lateral 
fins, and the head carrying a circle of ten " arms," two of 
which were longer than the others (fig. 173, A). The suckers 
on the arms were provided, further, with homy hooks ; there 
was a large ink-sac; and the mouth was anned with homy 
mandibles resembling in shape the beak of a parrot 

Coming next to the Vertebrates, we find that the Jurassic 




of true Sharks {No/iiianus) occur for (he first time ; but by for 
the greater number of remains referable to this group are stil! 
the tin-spines and teeth of " (Jestracionts," resembling the 
living Port-Jackson Shark. Some of these teeth are pointed 
{H^odus) ; but others are rounded, and are adapted for crush- 
ing shell fish. Of these latter, the commonest are the teeth of 
Acrodm (fig. 175), of which the hinder ones are of an elon- 
gated form, with 3 roiindeii 
surface, covered with fine 
transverse strite proceed- 
ing from a central longi- 
tudinal line. From their 
general form and stria lion, 
and their dark colour, these 
teeth are commonly called 
"fossil leeches" by the tjuarrymen. 

The Amphibian group of the Labyrinthodonls, which was so 
extensively developed in the Trias, appears to have become 
extinct, no representative of the order having hitherto been 
detected in rocks of Jurassic age. 

Much more important than the Fishes of the Jurassic series 
are the Reptiles, which are both very numerous, and belong to 
a great variety of types, some of these being very extraordinary 
in their anatomical structure. The predominant group is that 
of the " Enaliosaurs " or " Sea-lizards," divided into two great 
orders, represented respectively by the Iclithyosaurus and the 
PUsiosaurus. 

The /if-^/ZywrtaW or " Fish-Lizards" are exclusively Meso- 
zoic in their distribution, ranging from the Lias to the Chalk, 
but abounding especially in the former. They were huge 
Reptiles, of a fish-like form, with a hardly conspicuous neck 
(fig. 176), and probably possessing a simply smooth 




wrinkled skin, since no traces of scales or bony integumentary 
plates have ever been discovered. The tail was long, and 
was probably furnished at its extremity with a powerful ex- 
pansion of the skin, constimting a tail-fin similar to that pos- 
sessed by the Whales. The hmbs are also like those of 'VVhales 
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Hn the essentials of liieir structure, and in Iheir being adapted 
^Ro act as swimming-paddles. Unlike the Whales, however, 
the Ichthyosaurs possessed the hind-limbs as well as the fore- 
limbs, botli pairs having the bones flattened out and the fin- 
gers completely enclosed in the skin, the arm and leg being at 
the same time greatly shortentd. The limbs are thus con- 
verted into efficient "flippers," adapting the animal for an 
active existence in the sea. The different joints of the back- 
bone (vertebrje) also show the same adaptation to an aquatic 
mode of life, being hollowed out at both ends, hke the bicon- 
cave vertebra of Fishes. The spinal column in this way was 
endowed with the flexibility necessary for an animal intended 
to pass the greater part of its time in water. Though the Ich- 
thyoiaurs are undoubtedly marine aniuials, there is, however, 
reason to believe that they occasionally came on shore, as they 
possess a strong bony arch, supporting the fore-limbs, such as 
would permit of partial, if laborious, terrestrial progression. 
The head is of enormous size, with greatly prolonged jaws, 
holding numerous powerful conical teeth lodged in a common 
groove. The nature of the dental apparatus is such as to 
^eave no doubt as to the rapacious and predatory habits of the 
Jithyosaurs — an inference which is further borne out by the 
tamination of their petrified droppings, which are known to 
its as "coprolites," and which contain numerous frag- 
"ments of the bones and scales of the Ganoid lishes which 
inhabited the same seas. The orbits are of huge size ; and as 
the eyeball was protected, like that of birds, by a ring of bony 
plates in its outer coat, we even know that the pupils of the 
Teyes were of correspondingly large dimensions. As these bony 
i have the function of protecting the eye from injury 
Emder sudden changes of pressure in the surrounding medium, 
: has been inferred, with great probabihty, that the Ichthy- 

' vere in the habit of diving to considerable depths in 

Some of the larger specimens of /chikyesaurtts which 
lave been discovered in the Lias indicate an animal of from 
*8o to nearly 40 feet in length ; and many species are known to 
have existed, whilst fragmentary remains of their skeletons are 
very abundant in some localities. We may therefore safely 
conclude that these colossal *.eptiles were amongst the most 
formidable of the many tyrants of the Jurassic seas. 

The PUsiosaurus {fig. 177) is another famous Oolitic 
Reptile, and, like the preceding, must have lived mainly or 
exclusively in the sea. It agrees with the Ichthyosaur in some 
Doportant features of its organisation, especially in the fact 
'»t both pairs of limbs are converted into "flippers" or 




-, however, the Pksioiaur had the paddles placed far ba 
the tail being extremely short, and the neck greatly lengthened 
mi>osed of from twenty to forty vertebrae. The 
bodies of the vertebrte, also, are not deeply biconcave, but are 
flat, or only slightly cupped. The head is of relatively small 
size, with smaller orbits than those of the hhthyosaur, and with 
a snout less elongated. The jaws, however, were armed with 
numeroas conical teeth, inserted in distinct sockets. As re- 
gards the habits of the Pksiosaur, Dr Conybeare arrives at the 
following conclusions : " That it was aquatic is evident from 
the form of its paddles ; that it was marine is almost equally 
- so from the remains with which it is universally associated; 
that it may have occasionally visited the shore, the resem- 
blance of its extremities to those of the Turtles may lead us to 
conjecture; its movements, however, must have been very 
awkward on land ; and its long neck must have impeded its 
progress through the water, presenting a strong contrast to the 
organisation which so admirably fits the Ichthyosaurus to cut 
through the waves." As its respiratory organs were such that 
it must of necessity have required to obtain air frequently, we 
may conclude "that it swam upon or near the surface, arching 
back its long neck like a swan, and occasionally darting it 
down at the fish which happened to float within its reach. It 
may perhaps have lurked in shoal water along the coast, con- 
mongst the sea -weed; and raising its nostrils to a 




vith the surface from a considerable depth, may have 
_ md a secure retreat from the assaults of powerful enemies; 
"while the length and flexibility of its neck may have compen- 
sated for the want of strength in its jaws, and its incapacity 
for swift motion through the water," 

About twenty species of Flesiosaurjis are known, ranging 
from the Lias to the Chalk, and specimens have been found 
indicating a length of from eighteen to twenly feet. The 
nearly related " Fliosaun" however, with (heir huge heads 
and short necks, must have occasionally reached a length of at 
least forty feet- — the skull in some species being eight, and the 
paddles six or seven feet long, whilst the teeth are a foot in 
length. 

Another extraordinary group of Jurassic Reptiles is that of 
the " Winged Lizards " or Plerosatiria, These are often spoken 
of collectively as " Pterodactyl es," from Pterodactylus, the 
type-genus of the group. As now restricted, however, the 
genus Pterodactylus is more Cretaceous than Jurassic, and it is 
associated in the Oolitic rocks with the closely alhed genera 
Dimorphoden and Rhamphorhynchus. In all three of these 
genera we have the same general structural organisation, in- 
volving a marvellous combination of characters, which we are in 
the habit of regarding as peculiar to Birds on the one hand, to 
Reptile.s on another hand, and to the Flying Mammals or 
iSats in a third direction. The " Pterosaurs " are " Flying " 
Reptiles, in the true sense of the term, since they were indu- 
bitably possessed of the power of active locomotion in the air, 
after the manner of Birds. The so called " Flying ". Reptiles 
of the present day, such a*; the little Draco volans of the East 
Indies and Indian Archipelago, possess, on the other hand, no 
power of genuine flight, being merely able to sustain themselves 
in the air through the extensive leaps which they take from tree 
to tree, the wing-like expansions of the skin simply exercising 
the mechanical function of a parachute. The apparatus of flight 
in the " Pterosaurs" is of the most remarkable character, and 
most resembles the " wing" of a Bat, though very different in 
some important particulars. The " wing" of the Pterosaurs is 
like that of Bats, namely, in consisting of a thin leathery expan- 
sion of the skin which is attached to the sides of the body, and 
stretches between the fore and hind limbs, being mainly sup- 
ported by an enormous elongation of certain of the digits of 
the hand. In the Bats, it is the four outer fingers whidi are 
3ius lengthened out ; but in the Pterosaurs, the wing-membrane 
'i borne by a single immensely -extended finger (fig, 178). 
Bo trace of the actual wing-membrane itself has, of course, 
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been foiinil fossilised ; but we could determine that ihe " 
daclyles" possessed the power of flight, quite apart rrom ti 
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r«. 176 — PtirwiiKtji/ia crassirBilrri. From the Lithognphic S1uh< 
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traordinary conformation of the hand. The proofs of this are to 
be found pardy in the fact that the breast-bone was furnished 
with an elevated ridge or keel, serving for the attachment of 
the great muscles of flight, and still more in the fact that the 
bones were hollow and were filled with air — a peculiarity 
wholly confined amongst living animals to Birds only. The 
skull of the Pterosaurs is long, light, and singularly bird-like in 
appearance — a resemblance which is further increased by the 
comparative length of the neck and the size of the vertebne of 
this region (fig. 178). The jaws, however, unlike those of any 
existing Bird, were, with one exception to be noticed hereafter, 
furnished with conical teeth sunk in distinct sockets ; and 
there was always a' longer or shorter tail composed of distinct 
vertebrie ; whereas in all existing Birds the tail is abbreviated, 
and the terminal vertebrBs are amalgamated to form a single 
bone, which generally supports the great feathere of the tail. 

Modern naturalists have been pretty generally agreed that 
tlie Pttrosaurs should be regarded as a peculiar group of the 
Reptiles ; though they have been and are still regarded by 
high authorities, like Professor Seeley, as being really referable 



ft the Birds, or as forming a class by themselves. The tliicf 
Ipoints which separate them from Birds, as a class, are ihe 
character of the apparatus of flight, the entirely different struc- 
ture of the fore-limb, the absence of feathers, the composition 
of the tail out of distinct vertebra^, and the general presence 
of conical teeth sunk in distinct sockets in the jaws. 'Jhe gap 
between the Pterosaurs and the Birds has, however, been 
greatiy lessened of late by the discovery of fossil aiiitnals 
{Ichthyornis and Hesperorms) with the skeleton jiroper to Birds 
combined with the presence of teeth in the jaws, and by ihe 
still more recent discovery of other fossil animals {Pterattm/on) 
with a Pterosaurian skeleton, 1 ut without teeth ; whilst the un- 
doubtedly feathered Arehieopleryx possessed a long tail com- 
posed of separate vertebras. Upon the whole, therefore, the 
relationships of the Pterosaurs cannot be regarded as absolutely 
settled. It seems certain, however, that they did not possess 
feathers — this implying that tliey were cold blooded animals ; 
and their affinities with Rejililcs in this, as in other characters, 
are too strong to be overlooked. 

The Pterosaurs are wholly Mesozoic, ranging from the Lias 
to the Chalk inclusive; and the fine-grained Lithographic Slate 
of Solenhofen has proved to be singularly rich in their remains. 
The genus Pteroiiaclylus itself has the jaws toothed to Ihe ex- 
tremities with equal-sized conical teeth, and its species range 
from the Middle Oolites to the Cretaceous series, in connec- 
tion with which they will be again noticed, together with the 
toothless genus Pteranodon. 1'he genus Dimorphodon is Li- 
assic, and is characterised by having the front teeth long and 
pointed, whilst the hinder teeth are small and lancet-shaped. 
Lastly, the singular genus Rhamphorhynchus, also from the 
Lower Oolites, is distinguished by the fact that there are teeth 
present in tlie hinder portions of both jaws ; but the front por- 
tions are toothless, and may have constituted a homy beak. 
Like most of the otlier Jurassic Pterosaurs, Rhavtpkorhynchus 
(fig. 179) does not seem to have been much bigger than a 
pigeon, in this respect falling far below the giant " Dragons " 
of the Cretaceous period. It differed from its relatives, not 
only in the armature of the mouth, but also in the fact that 
the tail was of considerable length. With regard to its habits 
^nd mode of life. Professor Phillips remarks that, "gifted with 
"mple means of flight, able at least to perch on rocks and 
niffle along the shore, perhaps competent to dive, though not 
a well as a Palmiped bird, many fishes must have yielded to 
lie cniel beak and sharp teeth of Rhamphorhynchus. If we 
'~"t to which of the many families of Birds the analogy of 
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Btiuclure and probable way of life would lead os to assimilate 
RJumphurhynchus. the answer must point to the swimming 
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races with long wings, clawed feet, liooked beak, and habils of 
violence and voracity ; ami for preference, the shortness of the 
legs, and other circumstances, may be held to claim for the 
Sionesfield fossil a more than fanciful similitude to the groups 
of Cormorants, and other marine divere, which constitute an 
effective part of the picturewjue army of robbers of the sea." 

Another extraordinary and interesting group of the Mesozoic 
Reptiles is constituted by the Deinosauria, comprising a series 
of mostly gigantic forms, which range from the Trias to the 
Chalk- All the " Dcinosaurs " are possessed of the two paiis 
of limbs proper to Vertebrate animals, and these organs are in 
the main adapted for walking on the dry land. Thus, whilst 
the Mesozoic seas swarmed with the huge Ichthyosaurs and 
Plesiosaurs, and whilst the air was tenanted by the Dragon-like 
Pterosaurs, the land -surfaces of the Secondary period were , 
peopled by numerous forms of Deinosaurs, some of them of 
even more gigantic dimensions than their marine brethren. 
The limbs of the Deinosaurs are, as just said, adapted for pro- 
gression on the land ; , but in some cases, at any rate, the 
hind-limbs were much longer and stronger than the fore-limbs; 
and there seems to be no reason to doubt that many of these 
forms possessed the power of walking, temporarily or perman- 
ently, on their hind-legs, thus presenting a singular resemblance 
to Birds. Some very curious and striking points connected 
with the structure of the skeleton have also been shown to 
connect these strange Reptiles wilh the true Birds; and such 
high authorities as Professors Huxley and Cope are of opinion 
that the Deinosaurs are distinctly related to this class, being in 
some respects intermediate between the proper Reptiles and 
the great wingless Birds, like the Ostrich and Cassowary. On 
the other hand, Professor Owen has shown that the Deinosaurs 



possess some weighty points of relationship with the so-called 
" Pachydermatous " Quadrupeds, such as the Rhinoceros and 
Hippopotamus. The most important Jura sic genera of 
Deinosanria are Mt,^aIosmirus anil Cetiosaurus, both of wliich 
extend their range into the Cretaceovis period, in which 
flourished, as we shall see, some other well-known members 
of this order. 

Megalosaiirus attained gigantic dimensions, its thigh and 
shank bones measuring each about three feet in length, and its 
total length, including the tail, being estimated at from forty 
to fifty feet. As the head of the thigh-bone is set on nearly 
al right angles wiih the shaft, whilst all the long bones of the 
skeleton are hollowed out internally for ihe reception of the 
marrow, there can be no doubt as to the terrestrial habits of 
the animal. The skull (tig. 180) was of large size, four or five 



feet in length, and the jaws were armed with a series of power- 
ful pointed teeth. The teeth are conical in shape, but are 
strongly compressed towards their summits, their lateral edges 
being finely serrated. In their form and their saw like edges, 
ihey referable the teeth of the " Sabre-toothed Tiger" (Machai- 
rodui), and they render it certain that the Megalosaur was in 
the highest degree destructive and carnivorous in its habits. 
So far as is known, the skin was not furnished with any armour 
of scales or bony plates; and the fore-limbs are so dispro- 
portionately small as compared with the hind-limbs, that this 
huge Reptile — like the equally huge Iguanodon — may be 
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conjectured to have coninionly supported itself c 

legs only. 

The Caiosaur attained dimensions even greater than those 
of the Megalosaur, one of the largest thigh-bones measuring 
over five feet in length and a foot in diameter in the middle, 
and the total length of the animal being probably not less than 
fifty feet, ll was originally r^arded as a gigantic Crocodile, 
but it has been shown lo be a true Deinosaur. Having ob- 
tained a magnificent series of remains of this reptile, Professor 
Phillips has been able to determine many very interesting 
]x)ints as to the anatomy and habits of this colossal animal, 
the total length of which he estimates as being probably not 
less than sixty or seventy feet. As to its mode of life, this 
accomplished writer remarks :— 

" Probably when ' standing at ease ' not less than ten feet 
in height, and of a built in proportion, this creature was un- 
matched in magnitude and physical strength by any of the 
largest inhabitants of the Mesozoic land or sea. Did it live 
in the sea, in fresh waters, or on the land ? This question 
cannot be answered, as in the case of Ichthyosaurus, by appeal 
10 the accompanying organic remains; for some of the bones 
lie in marine deposits, others in situations marked by estuarine 
conditions, and, out of the Oxfordshire district, in Sussex, in 
fluviatile accumulations. Was it fitted to live exclusively in 
water? Such an idea was at one time entertained, in conse- 
quence of the biconcave character of the caudal vertebrte, and' 
it is often suggested by the mere magnitude of the creature, 
which would seem to have an easier life while floating in water, 
than when painfully lifting its huge bulk, and moving with 
slow steps along the ground- But neither of these arguments 
is valid. The ancient earth was trodden by larger quadnipeds 
than our elephant ; and the biconcave character of vertebne, 
which is not uniform along the column in Cetiosaurus, is per- 
haps as much a character of a geological period as of a me- 
chanical function of life. Good evidence of continual life in 
water is yielded in the case of Ichthyosaurus and other Eua- 
liosaurs, by the articulating surfaces of their limb-bones, for 
these, all of thera, to the last phalanx, have that slight and 
indefinite adjustment of the bones, with much intervening 
cartilage, which fits ihe leg to be both a flexible and forcible 
instrument of natation, much superior to the ordinary oar- 
blade of the boatman. On the contrary, in Cetiosaur, as well 
as in .Megalosaur and Iguanodon, all the articulations are 
definite, and made so as to correspond to determinate move- 
' 1 particular directions, and these are such as to be 
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r walking. In particular, the femur, by its head pro- 
g freely from the acetabulum, seems to claim a movement 
e stepping mote parallel to the line of the body, and 
lore approaching to the vertical than the sprawling gait of 
; crocodile. The large claws concur in this indication of 
5slrial habits. But, on the other hand, these characters 
e not contrary to the helief that the animal may have been 
amphibious ; and the great vertical height of the anterior part 
of the tail seems to support this explanation, but it does not 
go further. . . . We have therefore a marsh-loving or 
river-side animal, dwelling, amidst tilicine, cycadaceous, and 
coniferous shrubs and trees full of insects and small mamma- 
lia. What was its usual diet? If ex ungtie leonem, surely ex 
dente dbum. We have indeed but one tooth, and that small 
ami incomplete. It resembles more the tooth of Iguanodon 
than that of any other reptile ; for this reason it seems pro- 
bable thai the animal was nourished by similar vegetable food 
which abounded in the vicinity, and was not obliged to con- 
tend with Megalosaurus for a scanty supply of more stimu- 
lating diet." 

All the gronps of Jurassic Reptiles which we have hitherto 
been considering are wholly unrepresented at the present day, 
and do not even pass upwards into the Tertiary period. It 
may be mentioned, however, that the Oolitic deposits have 
also yielded the remains of Reptiles belonging to three of the 
existing orders of the class — namely, the Lizards (Ltuertilia), 
the Turtles {Cke/oaia), and the Crocodiles (CrocmiiUa). The 
Lizards occur both in the marine strata of the Middle Oolites 
and also in the fresh-water beds of the Purbeck series ; and 
they are of such a nature that their affinities with the typical 
Lacertilians of the present day cannot be disputed. The - 
Chelonians, up to this point only known by the doubtful evi- 
dence of footprints in the Permian and Triassic sandstones, are 
here represented by unquestionable remains, indicating the ex- 
istence of marine Turtles (the C/ie/one planicepi of-the Portland 
™Stone), No remains o(5ttpents{Ofhidiavs) have as yet been 
Hdetected in the Jurassic ; but strata of this age have yielded 
^Hpe remains of numerous CrocoiUUans, which probably inhab- 
^^Red the sea. The most important member of this group is 
Teleosaurus, which attained a length of over thirty feet, and 
is in some respects allied to the living Gavials of India. 

The great class of the Birds, as we have seen, is represented 

in rocks earlier than the Oolites simply by the not absolutely 

n evidence of the three-toed footprints of the Connecti- 
^t Trias. In the Lithographic Slate of Solenhofen fMiddle 
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Oolite), there has been discovered, however, the at present 
unique skeleton of a Bird well known under the name of the 
Archaoptfryx macriira (figs. 181, 1S2). The only knoi 
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specimen— now in the British Museum— unfortunately does 
not exhibit the skull ; but the fine-grained matrix has pre- 




served a number of the other bones of the skeleton, along with 
The impressions of the tail and wing feathers. From these 
; know that ArduxopUryx dilifercd in some remark- 
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able peculiarities of its structure from all existing members of 
the class of llirds, This extraordinary Bird (fig. 1S2) appears 
to have been about as big as a Rook — the tail being long and 
extremely slender, and composed of separate vertebrte, each 
of which supports a single pair of quill-feathers. In the flying 
Birds of the present day, as before mentioned, the terminal 
vertebrje of the tail are amalgamated to form a single bone 
(" ploughshare-bone"), which supports acluster of tail-feathers ; 
and the tail itself is short. In the embryos of existing Birds 
the tail is long, and is made up of separate vertebrae, and the 
same character is observed in many existing Reptiles. The 
tail of Archaopteryx, therefore, is to be regarded as the per- 
manent retention of an embryonic type of structure, or as an 
approximation to the characters of the Reptiles. Another 
remarkable point in connection with Archmopteryx, in which 
it differs from all known Birds, is, that the wing was furnished 
with two free claws. From the presence of feathers, Archa- 
opieryx may be inferred to have been hot-blooded ; and this 
character, taken along with the structure of the skeleton of the 
wing, may be held as sufficient to justify its being considered 
as belonging to the class of Birds. In the structure of the 
tail, however, it is singularly Reptilian ; and there is reason to 
believe that its jaws were furnished with teeth sunk in distinct 
sockets, as is the case in no existing Bird. This conclusion, 
at any rate, is rendered highly probable by the recent discovery 
of " Toothed SvrAs" {^Oiloniornil/ies) \i\ the Cretaceous rocks 
of North America. 

The Afamtnah of the Jurassic period are known to us by 
a number of small forms which occur in the " Stonesfield 
Slate" {Great Uolite) and in the Purbeck beds (Upper 
Oolite). ' The remains of these are almost exclusively sepa- 
rated halves of the lower jaw, and they indicate the existence 
during the Oobtic period in Europe of a number of small 
"Pouched animals" {Marsupials). In the horizon of the 
Stonesfield Slate four genera of these little Quadrupeds have 
been descrilied — viz., Amphilestes, Amphilherium, Phascolo- 
therium,s.vA Stereognaihus. In Amphitherium (fig. 183), the 
molar teeth are furnished with small pointed eminences or 
"cusps;" and the animal was doubtless insectivorous. By 
Professor Owen, the highest living authority on the subject, 
Amphitherium is believed to be a small Marsupial, most 
nearly allied to the living Banded Ant-eater {Afyrmaobius) of 
Australia (fig. 158). Ampkilesies and Phascolotherium (fig. 
184) are also believed by the same distinguished anatomist 
and paleontologist to have been insect-eating Marsupials, and 



the latter is supposed to find its nearest living ally in the 
Opossums (Didelphys) of America. Lastly, the Stertognaikui 
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of the Stonesfield Slale is in a dubious position. It may have 
been a Marsupial ; but, upon the whole, Professor Owen is 
inclined to believe that it must have been a hoofed and her- 
bivorous Quadruped belonging to tlie series of the higher Mam- 
mals [Plaaittalia). In the Middle Purbeck beds, near to the 
close of the Oolitic period, we have also evidence of the exist- 
ence of a number of small Mammals, all of which are probably 
Marsupials. Fourteen species are known, all of small size, 
the largest being no bigger than a Polecat or Hedgehog. The 
genera to which these little quadrupeds have been referred are 
Plagiaulox, Spalacollierium, Triconodon, and Galesta. The 
first of these (fig, 184, 4) is believed by Professor Oweo to 
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■orous in its habits ; but other authorities 
T that it was most nearly allied to the living Kangaroo- 
rats (ffypsiprymnus) of Australia, and that it was essentially 
herbivorous. The remaining three genera appear to have 
been certainly insectivorous, and find their nearest living rep- 
resentatives in the Australian Phalangers and the 2 
Opossums. 

Finally, it is interesting to notice in how many respects the 
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rassic fauna of Western Europe approached to that now 
.habiting Australia. At the present day, Australia is almost 
wholly tenanted by Marsupials ; upon its land-surface flourish 
Araucarim and Cycadaceous plants, and in its seas swims the 
Port-Jackson Shark {Ceslraeitin PAilippi); whilst the Mollus- 
can genus Trigonia is nowadays exclusively confined to the 
Australian coasts. In England, at the time of the deposition 
of the Jurassic rocks, we must have had a fauna and flora very 
closely resembling what we now see in Australia, The small 
Majsupials, Amphiiherium, Phascolotherium, and others, prove 
that the Mammals were the same in order ; cones of Arau- 
carian pines, with tree-ferns and fronds of Cycads, occur 
throughout the Oolitic series; spine-bearing fishes, like the 
Port-Jackson Shark, are abundantly represented by genera 
such as Acrodus and Strophodus ; and lastly, the genus Tri- 
gonia, now exclusively Australian, is represented in the Oolites 
by species which differ little from those now existing. More- 
er, the discovery during recent years of the singular Mud-fish, 
le Ceralailus Fasteri, in the rivers of Queensland, has added 
lother and a very striking point of resemblance to those 
ilready mentioned; since this genus of Fishes, though pre- 
eminently 'I'riassic, nevertheless extended its range into the 
Jurassic. Upon the whole, therefore, there is reason to con- 
clude that Australia has undergone since the close of the 
Jurassic period fewer changes and vicissitudes than any other 
known region of the globe ; and that this wonderful continent 
has therefore .succeeded in iweserving a greater number of 
the characteristic life-features of' the Oolites than any other 
country with which we are acquainted. 
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T/fE CRETACEOUS PERIOD, 



The next series of rocks in ascending order is the 
important series of the Cretaceous Rocks, so call' 
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3 developed in Britain and Europe generally, the following 
iding subdivisions may be recognised in the Cretaceous 
lies :— 



1. Wealden, 

a. Lower Greensand or Neocomian, 

3. Gault, 

4. Upper Greensand, 



Lower Cretaceous. 



Upper Cretaceous. 



Wealden. — The Wealden formation, tliough of cotisider- 
■ importance, is a local group, and is confined to the south- 
feast of England, France, and some other parts of Europe. Its 
name is derived from the Weald, a district comprising parts of 
Surrey, Sussex, and Kent, where it is largely developed. Its 
lower portion, for a thickness of from 500 to 1000 fet, is 
arenaceous, and is known as the Hastings Satids. Its Upper 
portion, for a thickness of r5o to nearly 300 feet, is chiefly 
argillaceous, consisting of clays with sandy layers, and occa- 
sionally courses of limestone. The geological importance of 
the Wealden formation is very great, as it is undoubtedly the 
delta of an ancient river, being composed almost wholly of 
fresh-water beds, with a few brackish- water and even marine 
strata, intercalated in the lower portion. Its geographical 
1 extent, though uncertain, owing to the enormous denudation 
Kto which it has been subjected, is nevertheless great, since it 
Bextends from Dorsetshire to France, and occurs also in North 
r Germany. Still, even if it were continuous between all these 
points, it would not be larger than the delta of such a modern 
river its the Ganges. The river which produced the Wealden 
series must have flowed from an ancient continent occupying 
^what is now the Atlantic Ocean ; and the time occupied in 
\ formation of the Wealden must have been very great, 
though we have, of course, no data by which we can accurately 
alculate its duration. 
The fossils of the Wealden series are, naturally, mostly the 
mains of such animals as we know at the present day as in- 
habiting rivers. We have, namely, fresh-water Mussels { Unio), 
River-snails {Paludina), and other fresh -water shells, with 
ttimerous little bivalved Crustaceans, and some fishes. 
L II. Lower Gremsatid (NeocontUn of D'Orbigny). — The 
»lden beds pass upward, often by insensible gradations, 
» the Lower Greensand. The name Lower Greensand is 
I. jui appropriate one, for green sands only occur sparingly 
B occasionally, and are found in other formarions. For this 



reason it has been proposed lo subslimte for Lower Greensand 
the name Nfocomian, derived from the town of Neufchatel — 
anciently called Nfocomiim — in Swiuerlnnd. If this name 
were adopted, as it ought to be, the Wealden beds would be 
called the Lower Neoconiian. 

The Lower Greensand or Neocomian of Britain has a thick- 
ness of about 850 feet, and consists of alternations of sands, 
sandstones, and clays, with occasional calcareous bands. The 
general colour of the series is dark brown, sometimes red ; and 
the sands are occasionally green, from the presence of silicate 
of iron. 

The fossils of the Lower Greensand are purely marine, and 
among the most characteristic are the shells of Cephahpods. 

The most remarkable point, however, about the fossils of 
the Lower Cretaceous series, is their marked divergence from 
the fossils of the Upper Cretaceous rocks. Of 280 species of 
fossils in the Lower Cretaceous series, only 51, or about 18 
per cent, pass on into the Upper Cretaceous. This break ii^ 
the life of the two periods is accompanied by a decided phy- 
sical break as well ; for the Gault is often, if not always, un- 
conformably superimposed on the Lower Greensand. At the 
same time, the Lower and Upper Cretaceous groups form a 
closely- connected and inseparable series, as shown by a com- 
parison of their fossils with those of the underlying Jurassic 
rocks and the overlying Tertiary beds. Thus, in Britain no 
marine fossil is known to be common to the marine beds of 
the Upper Oolites and the Lower Greensand ; and of more 
than 500 species of fossils in the Upper Cretaceous rocks, 
almost every one died out before the formation of the lowest 
Tertiary strata, the only survivors being one Brachiopod and a 
few Foraminifera. 

III. Gau/t (/Ip/im oi D'Oihigny). — The lowest member of 
the Upper Cretaceous series is a stiff, dark - grey, blue, or 
brown clay, often worked for brick-making, and known as the 
Gault, from a provincial English term. It occurs chiefly in 
the south-east of England, but can be traced through France 
to the flanks of the Alps and Bavaria. It never exceeds loo 
feet in tiiickness ; but it contains many fossils, usually in a 
state of beautiful preservation. 

IV. Upper Greensattd (Albien of D'Orbigny ; Unterquader 
and Lower Planerkalk of Germany). — The Gault is succeeded 
upward by the Upper Greensand, which varies in thickness 
from 3 up to 100 feet, and which derives its name from the 
occasional occurrence in it of green sands. These, however, 
are local and sometimes wanting, and the name "Upper 



■e and not a description, 
e group consists, in Untain, of sands and clays, sometimes 
with bands of calcareous grit or siliceous limestone, and occa- 
sionally containing concretions ofpliosphate of lime, which are 
largely worked for agricultural purposes. 

V. White C/ialk.—~'\'\ie top of the Upper Greensand be- 
comes argillaceous, and passes up gradually into the base of 
the great formation known as the true Chalk, divided into 
the three subdivisions of the chalk-marl, white chalk without 
flints, and white chalk with flints. The first of these is sim- 
ply argillaceous chalk, and passes up into a great mass of 
obscurely- stratified white chalk in which there are no flints 
{Turonien of D'Orbigny; Mitlelquader of Germany). This, in 
turn, passes up into a great mass of white chalk, in which the 
stratification is marked by nodules of black flint arranged in 
layers (Senonii^n of D'Orbigny ; Oberquader of Germany), The 
thickness of these three subdivisions taken together is some- 
times over looo feet, and their geographical extent is very 
great White Chalk, wilh its characteristic appearance, may 
be traced from the north of Ireland to the Crimea, a distance 
of about 1 140 geographical miles ; and, in an opposite direction, 
from the south of Sweden to Bordeaux, a distance of about 
840 geographical miles. 

VI. In Britain there occur no beds containing Chalk fossils, 
or in any way referable to the Cretaceous period, above the 
true White Chalk wilh flints. On the banks of the Maes, 
however, near Maestricht in Holland, there occurs a series of 
yellowish limestones, of about loo feet in thickness, and un- 
doubtedly superior to the White Chalk. These Maestricht 
beds {Danien of D'Orbigny) contain a remarkable series of 
fossils, the characters of which are partly Cretaceous and 
partly Tertiary. Thus, with the characteristic Chalk fossils, 
Belemnites, Jiaculites, Sea-Urchins, &c., are numerous Univalve 
Molluscs, such as Cowries and Volutes, which are otherwise 
exclusively Tertiary or Recent. 

Holding a similar position to the Maestricht beds, and 
showing a similar intermixture of Cretaceous forms with later 
types, are certain beds which occur in the island of Seeland, 
in Denmark, and which are known as the Faxoe Limestone. 

Of a somewhat later date than the Maestricht beds is the 
Pisolilic Limestone of France, which rests unconformably on 
the White Chalk, and contains a lai^e number of Tertiary 
_ft)ssils along with some characteristic Cretaceous types. 

The subjoined sketch-section exhibits the general succession 
y the Cretaceous deposits in Britain : — 
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"marl" of New Jersey, which is truly a " Green sand," 
md contains a large proportion of glauconile (silicate of iron 
"'and potash). It also contains a little phosphate of lime, and is 
largely worked for agricultural purposes. The greatest thick- 
ness attained by the Cretaceous rocks of North America is 
about 9000 feet, as in Wyoming, Utah, and Colorado. Ac- 
cording to Dana, the Cretaceous rocks of the Rocky Mountain 
territories pass upwards "without interruption into a coal- 
Uearing formation, several thousand feet thick, on which the 
following Tertiary strata lie un con form abJy." The lower por- 
tion of this " Lignitic formation " appears to be Cretaceous, 
and contains one ormore beds of Coal; but the upper part of it 
perhaps belongs to the Lower Tertiary. In America, therefore, 
the lowest Tertiary strata appear to rest conformably upon the 
highest Cretaceous ; whereas in Europe, the succession at this 
point is invariably an unconformable one. Owing, however, to 
the fact that the American " Lignitic formation " is a shallow- 
water formation, it can hardly be expected to yield much 
material whereby to briilge over the great palfeontological gap 
between the White Chalk and Eocene in the Old World. 

Owing to the fact that so large a portion of the Cretaceous 
formation has been deposited in the sea, much of it in deep 
water, the plants of tiie period have for the most part been 
found special members of the series, such as the Wealden beds, 
the Aix-la-Chapelle sands, and the Lignitic beds of North 
America. Even the purely marine strata, however, have 
yielded plant-remains, and some of these are peculiar and 
proper to the deep-sea deposits of the series. Thus the little 
calcareous discs termed " coccoliths," which are known to be 
of the nature of calcareous sea-weeds {Alga) have been de- 
tected in the White Chalk ; and the flints of the same forma- 
tion commonly contain the spore-cases of the microscopic 
Z'lW/wii/j (the so called Xanthiilia), along with the siliceous cases 
of the equally diminutive Diatoms. 

The plant-remains of the Lower Cretaceous greatly resemble 
tliose of the Jurassic period, consisting mainly of Ferns, Cy- 
cads, and Conifers. The Upper Cretaceous rocks, however, 
both in Europe and in North America, have yielded an abun- 
dant flora which resembles the existing vegetation of the globe 
in consisting mainly of Angiospermous Exogens and of Mono- 
cotyledons.* In Europe the plant-remains in question have 

iriE plant.s " are divided into the two great groups of the 
:cigens. The Endo^ns (such as Grasses, Palms, Lilies, 
bark, noT rings of growth, and the stem is said to be 
nidogenouE ; " the yoang plant also possesses but a single seed-leaf or 



been found chiefly in certain sands in the neighbourhood of Aix- 
la-Chapelle, and they consist of numerous Ferns, Conifers (such 
as CycadopUris), Screw Pines {Pandanus), Oaks ( Quercus), Wal- 
nut {Juglans), Fig (J-kus), and many Proteaate, some of which are 
referred to existing genera (DryanHra, Banksia, Grevi/lea, &c) 

In North America, the Cretaceous strata of New Jersey, 
Alabama, Nebraska, Kansas, &c,, have yielded the remaius o( 
numerous plants, many of which belong to existing genera. 
Amongst these may be mentioned Tulip-trees (Lirioiieridron), 
Sassafras (fig. 186), Oaks {Quercus), Beeches {Fagus), Plone- 
trees (P/a/aatts), Alders (A/nus), Dog-wood {Comus), Willows 
{Salix), Poplars (Populus). Cypresses {Cupressus), Bald Cy- 
presses ( Taxoiiium), Magnolias, &c. Besides these, however, 
there occur other forms which have now entirely disappeared 
from North America— as, for example, species of Cinnamomum 
and Araucaria. 

It follows from the above, that the Lower and Upper Creta- 
ceous rocks are, from a botanical point of view, sharply sepa- 
rated from one another. The Palfeozoic period, as we have 
seen, is characterised by the ptevalance of " Flowerless " plants 
(Cryptogams), its higher vegetation consisting almost exclu- 
sively of Conifers, The Mesozoic period, as a whole, is charac- 
terised by the prevalence of the Cryptogamic group of tlie 
Ferns, and the Gymnospermic groups of the Conifers and the 
Cycads. Up to the close of the Lower Cretaceous, no Angio- 
spermous Exogens arc certainly known to have existed, and 
Monocotyledonous jilants or Endogens sre very poorly repre- 
sented. With the Upper Cretaceous, however, a new era of 
plant-life, of which our present is but the culmination, com- 
menced, with a great and apparently sudden development of new 
forms. In place of the Ferns, Cycads, and Conifers of the earher 
Mesozoic deposits, we have now an astonishingly large number 
of true Angiospermous Exogens, many of them belonging to 
existing types; and a!ong with these are various Monocotyle- 
donous plants, including the first examples of the great and im- 

"cotyledon. " Hence iheseplants are often simply called "MBiiofolyltdims" 
The Exogens, on Ihe oiher hand, have a true bark ; and the stem increases 
by annual additions to the outside, so tbat rings of growth are produced. 
The young plant has two seed-leaves or " cotyledons," and these plants 
are therefore called " Dic<ily!aietts." Amongst the Exogens, the Pines 
(CBnifa-i) and -the Cycads have seeds which are unprotected by a s/oiA- 
vessel, and thc^ are IhereFore called " Gymnesperms" All the Other 
Exogens, including the ordinary trees, shrubs, and flowering plants, have 
the seeds enclosed in a seed-vessel, and are therefore failed " AKgis- 
sperms," The derivation of these terras will be found in the Glossai^ril 
me end of the volume. 
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portant group of the Palms. It is thus a matter of interest to 
reflect that plants closely related to those now inhabiting the 




earth, were in existence at a time when the ocean was tenanted 
by Ammonites and Belemnites, and when land and sea and 
air were peopled by the extraordinary extinct Reptiles of the 
Mesozoic period. 

As regards animal life, the Proloaoans of the Cretaceous 
period are exceedingly numerous, and are represented hyJvra- 
minifera and Sponges. As we have already seen, the White 
Chalk itself is a deep-sea deposit, almost entirely composed 
of the microscopic shells of Foramtnifers, along with Sponge- 
spicules, and organic //^(^/-/j of different kinds (seep. 22, fig. 7). 
The green grains which are so abundant in several minor sub- 
divisions of the Cretaceous, are also in many instances really 
casts in glauconite of the chambered shells of these i 
organisms. A great many species of Foraminifera have been 
recognised in the Chalk ; but the three principal genera are 




Globigeriita, Rotalia (fig, 187), and Texlularia — groups which 
ate likewise characteristic of the "ooze" of the Atlantic and 
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Pacific Oceans at great depths. The flints of the Chalk also 
commonly contain the shells of Foramini/era. The Upper 
Greensand has yielded in considerable numbers the huge 
Foraminifera described by Dr Carpenter under the name of 
Parkeria, the spherical shells of which are composed of sand- 
grains agglutinated together, and sometimes attain a diameter 
of two and a quarter inches. The Cretaceous Sponges are 
extremely numerous, and occur under a great number of varie- 
ties of shape and structure ; but the two most characteristic 
genera are Siphoma and VmtrUuliUs, both of which axe ex- 
clusively confined to strata of this age. The Siphonim (fig. 
188) consist of a pear-shaped, sometimes lobed head, supporteSl 
by a longer or shorter stem, which breaks up at its base into a 
number of root-like processes of attachment. The water gained 
access to the interior of the Sponge by a number of minute 
openings covering the surface, and ultimately escaped by a 
single, large, chimney- shaped aperture at the summit. In some 
respects these sponges present a singular resemblance to the 
beautiful "Vitreous Sponges" {Hbltaiia ot P/igroruma) QHt^e 
deep Atlantic ; and, like these, they were probably denizens 
of a deep sea. The VmlrkulUes of the Chalk (fig. 189) is, 
however, a genus still more closely allied to the wonderiiil 
flinty Sponges, which have been shown, by the researches of 
the Porcupine, Lightning, and Challenger expeditions, to liw 
half buried in the calcareous ooze of the abysses of our great 
oceans. Many forms of this genus are known, having "usu- 
ally the form of graceful vases, tubes, or funnels, variously 
ridged or grooved, or otherwise ornamented on the surface, 
frequently expanded above into a cup-like lip, and continued 
below into a bundle of fibrous roots. The minute structure of 
these bodies shows an extremely delicate tracery of fine tubes, 
sometimes empty, sometimes filled with loose calcareous mat- 



ter dyed with peroxide of iron."— (Sir Wyville Thomson.) 
Many of the Chalk sponges, originally calcareous, have been 
converted into tlint subsequently ; but the Ventriculites are 
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really composed of this substance, and are therefore genuine 
"Siliceous Sponges," like the existing Veiius's Flower- Basket 
{Euplectella). Like the latter, the skeleton was doubtless ori- 
ginally composed, in the young state, of disconnected six- 
rayed spicules, which ultimately become fixed together to 
constitute a continuous frame-work. The sea-water, as in the 
recent forms, must have been admitted to the interior of the 
Sponge by numerous apertures on its exterior, subsequently 
escaping by a single lat^'e opening at its summit. 

Amongst the Ctelenteraks, the " Hydroid Zoophytes " are 
represented by a species of the encrusting genus Ilydractinia, 
the homy polypary of which is so commonly found at the 
present day adhering to the exterior of shells. The occurrence 
of this genus is of interest, because it is the first known instance 
in the entire geological series of the occurrence of an unques- 
tionable Hydroid of a modem type, though many of the exist- 
ing forms of these animals possess stnictures which are pev- 



fectly fitted for preservation in the fossil condition. The corals 
of the Cretaceous series are not very numerous, and for the 
most pari are referable to types such as Trochocyatkus, Stephano- 
phyllia, Parasmilia, SytiMia (tig. 190), &c, which belong to 
the same great group of corals as the majority of existing 




Chalk, England, 



forms. We have also a few " Tabulate Corals " {Palytrtr 
macis), hardly, if at all, generically separable from very ancient 
fonas {Hflioiiies); and the Lower Greensand has yielded the 
remains of the little Holocystis elegans, long believed to be the 
last of the great Pateozoic group of the Rugosa. 

As regards the Echinoderms, the group of the CHnoids now 
exhibits a marked decrease in the number and variety of its 
types. Tlie " stalked " forma are represented by Pmtturimis 
and Bourguetkrinus, and the free forms by Feather-stars like 
our existing Comatula ; whilst a link between the stalked and 
free groups is constituted by the curious " Tortoise Encrinite 
(AfarsupiUs). By far the most abundant Cretaceous Echino- 
derms, however, are Sea-urchins (Echinoids) ; though several 
Star-fishes are known as well. The remains of Sea-urchins are 
so abundant in various parts of the Cretaceous series, especi- 
ally in the White Chalk, and are often so beautifully preserved, 
that they constitute one of the most marked features of the 
fauna of the period. From the many genera of Sea-urchins 
which occur in strata of this age, it is difficult to select char- 
acteristic types; but the genera Galerites (fig. 191), Discoidea 
(Rg. 192), Muraster, Ana/tchytes, Diadema, Salmia, and Ct- 




s little special to remark. The Crustaceans belong for 
e most part to the highly-organised groups of the Lobsters 
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and the Crabs (the Macrurous and Brachyurous Decapods); 
but there are also numerous little Ostrawdes, especially in the 
fresh-water strata of the Wealden. It should further be noted 
that there occurs here a great development of the singular 
Crustaceans izmWy of the Barnacles (Z^trrf/flte), whilst the allied 
family of the equally singular Acora-shells {Balanida) is feebly 
represented as well. 

Passing on to the Mollusca, the class of the Sea-mats and 
Sea-mosses {Polyzoa) is immensely developed in the Cretaceous 
period, nearly two hundred species being known to occur in 
the Chalk. Most of the Cretaceous forms belong to the family 
of the Es(haridm, the genera Eschara and Escharina (fig. 193) 
being particularly well represented. Most of the Cretaceous 
Polysoans are of small size, but some attain considerable di- 
mensions, and many simulate Corals in their general form arid 
appearance. 
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The Lamp-shells {Brachiopods) have now reached a further 



which they have bee 
going ever since the close of 
the Palseozoic period. Though 
individual])- not rare, especially 
in certain minor subdivisions 
Lif the series, the number of 
^-tneric types has now be- 
come distinctly diminished, the 
principal forms belonging to 
tlie genera Tcrebratuia, Tere- 
brntdla (tig. 194), TerebrahiHna, 
Rbynclwndla, and Crania (iig. 
195). In the last mentioned 
of these, the shell is attached 
to foreign bodies by the sub- 
if the valves (the ventral), whilst the other or 
more or less limpet shaped. All the above-men- 





tioned genera are in existence at the present day ; and one 
specits — namely, Terebratulina striata — appears to be undis- 
tinguishable from one now living — the TerebratuUna capiit- 

Whilst the Laraji-shells are slowly declining, the Bivalves 
(^LameUibranchs) are greatly developed, and are amongst the 
most abundant and characteristic fossils of the Cretaceous 
period. In the great river-deposit of the Weaiden, the Bivalves 
are forms proper to fresh water, belonging to the existing 
River-mussels {Unio), Cyrena and Cyclas ; but most of the 
Cretaceous Lamellibranchs are marine. Some of the most 
abundant and characteristic of these belong to the great family 
of the 03'Ster8 {Ostreidd). Amongst these are the genera 
Grj-p/iaa and Exogyra, both of which we have seen to occur 





Fig. «t^.— Crania /™jfc 
tached hyilsvcnlial valve It 

U^Scd valve. Whlie'chaJk.' 



197). The genus TMgonia, so characteristic of the Mesozoic 
deposits in general, is likewise well represented in the Creta- 




ceous strata. No single genus of Bivalves is, however, so highly 
characteristic of the Cretaceous period as Inoceramvs, a group 
belonging to the family of llie Pearl-mussels {Aviatlida). The 
shells of this genus (fig. 198) have the valves unequal in size, 
the larger valve often being much twisted, and both valves 
being marked with radiating ribs or concentric furrows. The 
hinge-line is long and straight, with numerous pits for the 
attachment of the ligament which serves to open the shell. 
Some of the Imca-ami attain a length of two or three feet, and 
fragments of the shell are often found perforated by boring 
IS 
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Hippuriiida. All the members of this group (fig. rgg} were 
attached to foreign objects, and lived associated in beds, like 
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Oysters. The two valves of the shell are always altogether 
unlike in sculpturing, appearance, shape, and size ; and the 
cast of the interior of the shell is often extremely unlike the 
form of the outer surface. The type-genus of the family is 
Hippuriies itself ffig. 199), in which the shell is in the shape of 
a straight or slightly-twisted horn, sometimes a foot or more in 
length, constituted by the attached lower valve, and closed 
above by a small lid-like free upper valve. About a hundred 
species of the family of the Hippuritida are known, all of these 
being Cretaceous, and occurring in Britain (one species only), 
in Southern Europe, the West Indies, North America, Algeria, 
and Egypt. Species of this family occur in such numbers in 
. certain compact marbles in the south of Europe, of ihe age of 
*the Upper Cretaceous (Lower Chalk), as to have given origin 
to the name of " Hippurite Limestones," apphed to these 
[Strata. 



THE CRETACEOUS PERIOD. 

The Univalves {Gasteropods) of the Cretaceous period are 
hlot very numerous, nor particularly remarkable. Along with 
^ecies of the persistent genus Plairotomaria and the Meso- 





; NeriiuBii, we meet with examples of such modem types 
as Turrilella and Naiica, the Staircase-shells {Soiarium), the 
Wentle-traps {Scalaria), the Carrier shells (Phoriis), &c. To- 
wards the close of the Cretaceous period, and especially in 
such transitional strata as the Maestricht beds, the Faxoe 
Limestone, and the Pisolitic Limestone of France, we meet 
with a number of carnivorous (" siphonostomatous") Uni- 
valves, in which the mouth of the shell is notched or pro- 
duced into a canal. Amongst these it is interesting to 
recognise examjiles of such existing genera as the Volutes 
iVo/uia, fig. 2oq), the Cowries {Cyp-aa), the Mitre-shells 

^itra), the Wing - shells {Slrombiis), llie Scorpion - shells 

f^erixeras), &c. 
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pears, with its involute shell, its capacious body-chamber, iW 
simple septa between the air-chambers, and its nearly or quite 
central siphuncle- Th? majority of the chambered Ctpfiale- 
pods of the Cretaceous belong, however, to the complex and 
beautiful family of the Ammonttiiiix, with their elaborately- 
folded and lobed septa and dorsally-placed siphuncle. This 
family disappears wholly at the close of the Cretaceous period ; 
but its approaching extinction, so far from being signalised by 
any slow decrease and diminution in the number of specific 
or generic types, seems to have been attended by the develop- 
ment of whole series of new forms, Tlie genus Ammonites 
itself, dating from the Carboniferous, has certainly passed its 
prime, but it is still represented by many species, and some of 
these attained enormous dimensions (two or three feet in 
diameter). The genus Aticyloceras (fig. 202), though likewise 
of more ancient origin (Jurassic), is nevertheless very charac- 
teristic of the Cretaceous. In this genus the first portion of 
the shell is in the form of a flat spiral, the coils of which are 
not in contact ; and its last portion is produced at a tangent, 
becoming ultimately bent back in the form of a crosier. Be- 
sides these pre - existent types, the Cretaceous rocks have 
yielded a great number of entirely new forms of the Ammoni- 
tida, which are not known in any deposits of earlier or later 
Amongst the more important of these may be men- 
rncd Crioceras, Turrililcs, ScaphiUs, Hamites, Ptycfioceras, 
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■contact, thus resembling a partially- unrolled AtnmonUe or the 
met portion of an AiKyhceras. In Turriliks (fig. 203), the 
shell is precisely like that of the Ammonite in its structure; 
but instead of forming a flat spiral, it is coiled into an ele- 
vated turreted shell, the whorls of which are in contact with 
one another. In the genus Scaphttes (fig. 204, e), the shell 
resembles that of Ancyloceras in consisting of a series of volu- 
tions coiled into a flat spiral, the last being detached from the 
others, produced, and ultimately bent back in the fonn of a 
crosier; but the whorls of the enrolled part of the shell are in 
contact, instead of being separate as in the latter. In the 
genus Hamiles (fig. 204,/), the shell is an extremely elongated 
cone, which is bent upon itself more than once, in a hook-like 
manner, all the volutions being separate. The genus Ptycho- 
eeras (fig. 204, a) is very like Hamites, except that the shell is 
only bent once ; and \he two portions thus bent are in contact 
with one another. Lastly, in the genus Baculites (fig. 204, b 
and f) the shell is simply a straight elongated cone, not bent 
in any way, but possessing the folded septa which characterise 
the whole Ammonite family. The Baculite is the simplest of 
all the forms of the Amnwnitida; and all the other forms, how- 
implex, may be regarded as being simply produced by 
le bending or folding of such a conical septate shell in differ- 
itways. The Baailite, therefore, corresponds, in the series 
if the AmmonitidiE, to the Orihoceras in the series of the Nau- 
tilida. All tlie above-mentioned genera are characteristically, 
or exclusively. Cretaceous, and they are accompanied by a 
number of other allied forms, which cannot be noticed here. 
Jiot a single one of these genera, further, has hitherto been 
* itected in any strata higher than the Cretaceous. We may 
icrefore consider that these wonderfiil, varied, and elaborate 
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■tlie Cretaceous series ; but it disappears in the upper portion 
f the series, and its place is taken by tlie nearly-allied genus 
^Beletnnilella (fig. 205), distinguished by the possession of a 
FMraight fissurein tbetipperend of the guard. This 
) also disappears at the close of the Cretaceous 
I period ; and no member of the great Mesozoic 
lifemily of the BeUmnitidx has hitherto been dis- 
I. covered in any Tertiary deposit, or is known to 
ft exist at the present day. 

Passing on next to the Vertebrate Animals of the 
1 Cretaceous period, we find the Fishes represented 
I «s before by the Ganoids and the Placoids, to which, 
however, we can now add the first known examples 
of the great group of the Bony Fishes or Teleosteam, 
comprising the great majority of existing forms. 
The Ganoid fishes of the Cretaceous (Lepidotns, 
Pycnodus, &c.) present no features of special in- 
terest Little, also, need be said about the Plamid 
fishes of this period. As in the Jurassic deposits, c^^ST 
the remains of these consist partly of the teeth of BriimrduUa 
genuine Sharks {Lamna, Odontaspis, Sac), and partly ^w^c^. 
of the teeth and defensive spines of Cestracionts, 
such as the living Port -Jackson Shark. The pointed and sharp- 
edged teeth of true Sharks are very abundant in some beds, such 
as the Upper Greensand, and are beautifully preserved. The 
teeth of some forms {Carckarias, &c) attain occasionally a 
length of three or four inches, and indicate the existence in the 
Cretaceous seas of huge predaceous fishes, probably larger than 
any existing Sharks. The remains of Cestracionts consist 
partly of the flattened teeth of genera such as Acrodus and 
Ptyehodus {the latter confined to rocks of this age), and partly 

t of the pointed teeth oi Hybodus, a genus which dates from the 
Trias. In this genus the teeth (fig. 206) consist of a principal 
central cone, flanked by minor lateral cones; and the fin- 





HISTORICAL PALAEONTOLOGY. 

the great modern order of ihe Bony Fishes 
makes its first appearance in the Upper Cretaceous r 
where it is represented by forms belonging to no less than" 
three existing groups — namely, the Salmon family (Sni- 
viida), the Herring family {Clupeiila), and the Perch family 
{Peradie). All these fishes have thin, homy, overlapping 
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scales, symmetrical (" homocercal ") tails, and bony skeletoi 
The genus Beryx (fig. 2d8, i) is one represented by existing 
species at the present day, and belongs to the Perch family. 
The genus Osmeroides, again (fig. 208, 2), is supposed to be 
related to the living Smelts (Osmerus), and, therefore, lo 
belong to the Salmon tribe. 

No remains of AmphUiiam have hitherto been detected in 
any part of the Cretaceous series ; but Ripliles are e.\tremelj 
numerous, and belong to very varied types. As regards If"^ 
great extinct groups of Reptiles which characterise the M^ 
zoic period as a whole, the huge " Enaliosaurs " 
Lizards" are still represented by the Icldhyosaur and \ 
Pksioiuur. Nearly allied to the latter of these is the J 
inosaurus of the American Cretaceous, which combined t 
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tail of the Ichlhyosaur with the long neck of the Plesio- 
The length of this monstrous Reptile could not have 
been less than fifty feet, the neck consisting of over sixty 
vertebrae and measuring over twenty feet in length. The 
extraordinary Flying Reptiles of the Jurassic are likewise wdl 
represented in the Cretaceous rocks by species of the genus 
^JHerodaaylUs itself, and these later forms are much more 
':jgigantic in their dimensions than their predecessors. Thus 
' Bome of the Cretaceous Pterosaurs seem to have had a spread 
of wing of from twenty to twenly-iive feet, more than realising 
the " Dragons" of fable in point of size. The most remark- 
able, however, of the Cretaceous Plerosaurs are the forms 
which have recently been described by Professor Marsh under 
the generic title of Pteranoilon. In these singular forms — so 
far only known as American— the animal possessed a skeleton 
in all respects similar to that of the typical Pterodactyles, 
Lcept that the jaws are completely destitute of teeth. There 
therefore, the strongest probability that the jaws were 
encased in a homy sheath, thus coming to resemble the beak 
Bird. Some of the recognised species of Pteranodon are 
very small ; but the ifekull of one species {P. longiaps) is not 
yard in length, and there are portions of the skull 
another species which would indicate a length of four feet 
for the cranium. These measurements would point to dimen- 
sions larger than those of any other known Pterosaurs. 

The great Mesozoic order of the Deinosaurs is largely rep- 
resented in the Cretaceous rocks, partly by genera which 
previously existed in the Jurassic period, and partly by entirely 
.new types. The great delta-deposit of the Wealden, in the 
■Old World, has yielded the remains of various of these huge 
iterrestriat Reptiles, and very many others have been found in 
the Cretaceous deposits of North America, One of the most 
celebrated of the Cretaceous Deinosaurs is the Iguanodon, so 
called from the curious resemblance of its teeth to those of the 
existing but comparatively diminutive Iguana. The teeth (fig. 
209) are soldered to the inner face of the jaw, instead of being 
sunk in distinct sockets; and they have the form of somewhat 
flattened prisms, longitudinally ridged on the outer surface, 
with an obtusely triangular crown, and having the enamel 
crenated on one or both sides. They present the extraordinary 
feature that the crowns became worn down flat by mastication, 
showing that the Iguanodon ernployed its teeth in actually 
chewing and triturating the vegetable matter on which it fei" 
lere can therefore be no doubt but that the Iguanodon, i 
Ite of its immense bulk, was an herbivorous Reptile, and 
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at from thirty to fifty feet, the tbigh-bone in large examples 
measuring nearly five feet in length, with a circumference of 
twenty-two inches in its smallest part. With the strong and 
massive hind-limt>s are associated comparatively weak and 
small fore-limba ; and there seems little reason to doubt that 
the Iguanmion must have walked temporarily or permanently 
upon its hind-limbs, after the manner of a Bird. This conjec- 
ture is further supported by the occurrence in the strata which 
contain the bones of the Iguanodon of gigantic three-toed foot- 
prints, disposed singly in a double track. These prints have 
undoubtedly been produced by some animal walking on two 
legs ; and they can hardly, with any probability, be ascribed to 
any other than this enormous Reptile, Closely allied to the 
Iguanodon is the Hadroiaurus of the American Cretaceous, the 
length of which is estimated at twenty-eight feet Iguanodon 
does not appear to have possessed any integumentary skeleton; 
but the great ffylaosaunis of the Wealden seems to have been 
furnished with a longitudinal crest of large spines running 
down the back, similar to that which is found in the compara- 
tively small Iguanas of the present day. The Megalosaurus of 
the Oolites continued to exist in the Cretaceous period ; and, as 
we have previously seen, it was carnivorous in its habits. The 
j4nierican Lalaps was also carnivorous, and, like the Megalosaur, 




skull of which — six feet in length — was discovered ii 
the Maestricht Chalk at Maestricht. As this town stands o 
the river Meuse, the name of Mosasaurus (" Lizard of the 
Meuse ") was appUed to this imtnense Reptile. Of late years 
the remains of a large number of Reptiles more or less closely 
related to Mosasaurus, or absolutely belonging to it, have been 
discovered in the Cretaceous deposits of North America, and 
have been described by Professors Cope and Marsh. All 
the known forms of this group appear to have been of large 
size — one of them. Mosasaurus frinceps, attaining the length of 
seventy-five or eighty feet, and thus rivalling the largest of ex- 
isting Whales in its dimensions. The teeth in the " Mosa- 
sauroids" are long, pointed, and slightly curved; and instead 
of being sunk in distinct sockets, they are firmly amalgamated 
with the jaws, as in modern Lizards, 'I'he palate also carried 
teeth, and the lower jaw was so constructed as to allow of the 
mouth being opened to an immense width, somewhat as in the 
living Serpents, The body was long and snake-like, with a 
-.very long tail, which is laterally compressed, and must have 
iCrved as a, powerful swimming-apparatus. In addition to this, 
K>th oairs of Umbs have the bones connecting them wvt.ti tki^ 
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Lnink greatly shortened ; whilst the digits were enclosed in the 
integuments, and constituted paddles, closely resembling in 
structure the " flippers" of Whales and Dolphins. The neck 
is sometimes moderately long, but oftener very short, as the 
great size and weight of the head would have led one to anti- 
cipate. Bony plates seem in some species to have foimed an 
at any rate partial covering to the skin j but it is not certain 
that these integumentary appendages were present in all. Up- 
on the whole, there can be no doubt but that the Mosasauroid 
Reptiles — the true " Sea-serpents " of the Cretaceous period — 
were essentially aquatic in their habits, frequenting the sea, 
and only occasionally coming to the land. 

The " Mosasauroids " have generally been regarded as a 
greatly modified group of the Lizards {Lacertilia). Whether 
this reference be correct or not — and recent investigations 
render it dubious^the Cretaceous rocks have yielded the 
remains of small Lizjrds not widely removed from existing 
forms. The retent order of the Chelonians is also represented 
intheCretaceousrocliS, 
by forms closely re- 
sembling living types. 
Thus the fresh -water 
deposits of theWealden 
have yielded examples 
of the "Terrapins" or 
"Mud-Turtles"(A»yj); 
and the marine Creta- 
ceous strata have been 
found to I 




of various spe- 
cies of Turtles, one of 
which is here figured 
(fig. zii). No true 
Serpen ts{0/A((/«(i) have 
as yet been delected in 
the Cretaceous rocks; 
and this order does not 
appear to have come 
into existence till the 
Tertiary period. I-ast- 
ly, true Crocodiles are 
known to have existed 
in considerable num- 
The oldest of these occur 
deposit of the Wealden ; and they ditfer from 
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existing forms of the group in the fact that the bodies 

the veitebrse, like those of the Jurassic Crocodiles, are 

■coDcave, or hollowed out at both ends. In the Greensand 

North America, however, occur the remains of Crocodiles 

'hich agree with all the living species in having the bodies of 

the vertebrse in ihe region of the back hollowed out in front 

and convex behind. 

Birds have not hitherto been shown, with certainty, to have 
existed in Europe during the Cretaceous period, except in a 
few instances in which fragmentary remains belonging to this 
.class have been discovered. The Cretaceous deposits of 
•North America have, however, been shown by Professor 
"!Marsh to contain a considerable number of the remains of 
Birds, often in a state of excellent preservation. Some of 
these belong to Swimming or Wading Birds, differing in no 
point of special interest from modern birds of similar habits. 
Others, however, exhibit such extraordinary peculiarities that 
they merit more than a passing notice. One of the forms in 
question constitutes the genus Tchthyornis of Marsh, the type- 
species of which (/, dispar) was about as large as a Pigeon. 
In two remarkable respects, this singular Bird diiTers from all 
living members of the class. One of these respects 
[concerns the jaws, both of which exhibit the Reptilian char- 
'«cter of being aniied with numerous small pointed tedh (fig. 
:}, sunk in distinct sockets. No existing bird possesses 
teeth ; and this character forcibly recalls the Bird-like Ptero- 
saurs, with their toothed jaws. Ichthyornis, however, possessed 
fore-limbs constructed strictly on the type of the "wing" of the 
living Birds; and it cannot, therefore, be separated from this 
class. Another extraordinary peculiarity of Ichthyornis is, that 
the bodies of the veri^ce {fig, ziz, c) were biconcave^ as is the 
case with many extinct Reptiles and almost all Fishes, but as 
does not occur in any living Bird. There can be little doubt 
that I(hihyomisyi3s aquatic in its habits, and that it lived prin- 
cipally upon fishes ; but its powerful wings at the same time 
indicate that it was capable of prolonged flight The tail of 
Ichlhyornh has, unfortunately, not been discovered : and it is 
at present impossible to say whether this resembled the tail of 
existing Birds, ot whether it was elongated and composed of 
separate vertebrae, as in the Jurassic Archaopleryx. 

Still more wonderful than Ichthyornis is the marvellous bird 
described by Marsh under the name of Hesperomis regalis. 
.This presents us with a gigantic diving bird, somewhat re- 
eling the existing "Loons" (Colymhus), but agreeing 
IMhyorms in having the jaws furnished with conical, 
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but instead of being sunk in distinct sockets, they are simply 
implanted in a deep continuous groove in the bony substance 
of the jaw. The front of the upper jaw does not carry teeth, 
and was probably encased in a horny beak. The breast-bone 
is entirely destitute of a central ridge or keel, and the wings 
are nsinute and quite nidimenl;iry ; so that Hfiperornis, unlike 
Ic/Uhyornis, must have been wholly deprived of the power of 
flight, in this respect approaching the existing Penguins. The 
tail consists of about twelve vertebrse, of which the last three or 
lour are amalgamated to form a fiat tenninal mass, there being 
at the same time clear indications that the tail was capable 
of up and down movement in a vertical plane, this proba- 
bly fitting it to serve as a swimming-paddle or rudder. The 
legs were powerfully constructed, and the feet were adapted lo 
assist the bird in rapid motion through the water. The known 
remains oi Hesperornis regalis prove it to have been a swim- 
ming and diving bird, of larger dimensions than any of the 
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iquatic members of the class of Birds with which we i 
^uainted at the present day. It appears to have stood between 
five and six feet high, and its inability to fly is 
sated for by the numerous adaptatic 
watery life. Its teeth prove it to have been ( 
habits, and it probably lived upon fishes. It is a curious fact 
tiiat two Birds agreeing with one another in the wholly abnor- 
mal character of possessing teeth, and in other respects so 
entirely different, should, like Ichthyornis and Hisferomis, 
have lived not only in the same geological period, hut also in 
the same geographical area ; and it is equally curious that 
the area inhabited by these toothed Birds should at the same 
time have been tenanted by winged and bird-like Reptiles 
belonging Eo the toothed genus Pterodactyliis and the toothless 
genus Pteratwdon. 

No remains of Mammals, finally, have as yet been detected 
in any sedimentary accumulations of Cretaceous age. 
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Before commencing the study of the subdivisions of the 
Kainozoic series, there are some general considerations to be 
noted. In the first place, there is in the Old World a com- 
plete and entire physical break between the rocks of the 
Mesozoic and Kainozoic periods. In no instance in Europe 
are Tertiary strata to be found resting conformably upon any 
Secondary rock. The Chalk has invariably suffered much 
erosion and denudation before the lowest Tertiary strata were 
deposited upon it This is shown by the fact that the actually 




eroded surface of the Chalk ran often be seen ; or, failing this, 
that we can point to ihe presence of the chalk-flints in the 
Tertiaty strata. This last, of course, affords unquestionable 
proof that the Chalk must have been subjected to enormous 
denudation prior to the formation of the Tertiary beds, all the 
chalk itself having been removed, and nothing left but the 
flints, while these are all rolled and rounded. In the continent 
of North America, on the other hand, the lowest Tertiary strata 
have been shown to graduate downwards conformably with the 
highest Cretaceous beds, it being a matter of difficulty to draw 
a precise hne of demarcation between the two formations. 

In the second place, there is a marked break in the life of 
the Mesozoic and Kainozoic periods. With the exception of 
a few Foraminifera, and one Bractiiopod (the latter doubtful), 
no Cretaceous species is known to have survived the Creta- 
ceous period ; while several characteristic families, such as the 
Ammonitida, Bdemniiida, and Hippuritida, died out entirely 
with the close of the Cretaceous rocks. In the Tertiary rocks, 
on the other hand, not only are all the animals and plants 
more or less like existing types, but we meet with a constantly- 
increasing number of living species as we pass from the bottom 
of the Kainozoic series to the top. Upon this last fact is 
founded the modem classification of the Kainozoic rocks, 
propounded by Sir Charles LyelL 

The absence in strata of Tertiary age of the chambered 
Cephalopods, the Belemnites, the Hippvrites, the Inocerami, 
and the diversified types of Reptiles which form such con- 
spicuous features in the Cretaceous fauna, render the palaeon- 
tological break between the Chalk and the Eocene one far too 
serious to be overlooked. At the same time, it is to be re- 
membered that the evidence afforded by the explorations car- 
ried out of late years as to the animal life of the deep sea, ren- 
ders it certain that the extinction of marine fonns of life at the 
close of the Cretaceous period was far less extensive than had 
been previously assumed. It is tolerably certain, in fact, that 
we may look upon some of the inhabitants of the depths of our 
existing oceans as the direct, if modified, descendants of ani- 
mals which were in existence when the Chalk was deposited. 

It follows Trom the general want of conformity between the 
Cretaceous and Tertiary rocks, and still more from the great 
difference in life, that the Cretaceous and Tertiary periods are 
se[)arated, in the Old World at any rate, by an enormous lapse 
of unrepresented time. How long this inten'al may have been, 
we have no means of judging exactly, but it very possibly was 
as long as the whole Kainozoic epoch itself. Some day wc 




the Isle of Wight be placed in Die Middle Eocene, the only 
British representatives of the Upper Eocene are the Betnbridge 
beds. These strata consist of limestones, clays, and marls, 
which have for the most part been deposited in fresh or brack- 

II, Eocene Beds of the Paris Basin. — The Eocene 
strata are very well developed in the neighbourhood of Paris, 
where they occupy a large area or basin scooped out of the 
Chalk. The beds of this area are partly marine, partly fresh- 
water in origin ; and the following table (after Sir Charles 
Lyell) shows their subdivisions and their parallelism with the 
English series ; — 






I, Table of French Eocene Strata, 



A. I. Gypseous 
A. 3. Calcaire s 



:. Oiibome and Heodon si 



, Cilcflite GrMsier. 
;. Soissonnais Sands, i: 
Coquilliers. 



C. I. Argile plastique and lignite. 2. Plastic cky and sand with !ig- 
nite(WoQlwicband Readi^ 

C. 3. Sables lie Bracheux, 3 Thanet sands. 

III. Eocene Strata of the United States. — The low- 
est member of the Eocene deposits of North America is the 
so-called " Ligiiitk Formation," which is largely developed in 
Mississippi, Tennessee, Arl^ansas, Wyoming, Utah, Colorado, 
and California, and sometimes attains a thickness of several 
thousand feet. Stratigraphically, this formation exhibits 
interesting point that it graduates downwards insensibly 
conformably into the Cretaceous, whilst it is succeeded tmax- 
formably by strata of Middle Eocene age. Lithologically, the 
series consists principally of sands and clays, with beds of lif 
nite and coal, and its organic remains show that it is principally 
of fresh-water origin wUtv a partial intermixture of marine beds. 



larine strata of Che " Lignicic formation " are of special 
as showing such a commingling of Cretaceous and 
Tertiary types of life, that it is impossible to draw any rigid 
line in this region between the Mesozoic and Kainozoic sys- 
tems. Thus the marine beds of the I.ignitic series contain 
such characteristic Cretaceous forms as Itwceramus and Am- 
mottiteSi along with a great number of Univalves of a distinctly 
Tertiary type (Cones, Cowries, &c-) Upon the whole, there- 
fore, we must regard this series of deposits as affording a kind 
of transition between the Cretaceous and the Eocene, holding 
in some respects a position which may be compared with that 
held by the Purbeck beds in Britain as regards the Jm-assic 
and Cretaceous. 

The Middle Eocene of the United States is represented 
by the Claiborne and Jackion beds. The Claihorm series is 
extensively developed at Claiborne, Alabama, and consists of 
sands, clays, lignites, marls, and impure limestones, containing 
marine fossils along with numerous plant- remains. The_/oiri- 
son series is represented by lignitic clays and marls which occur 
at Jackson, Mississippi. Amongst the more remarkable fossils 
of this series are the teeth and bones of Cetaceans of the 
genus Zmglodon. 

Strata of Upper Eocene age occur in North America at 
Vicksburg, Mississippi, and are known as ihe Vkksburg series. 
They consist of lignites, clays, marls, and limestones. Fresh- 
water deposits of Eocene age are also largely developed in 
parts of the Rocky Mountain region. The most remarkable 
fossils of these beds are Mammals, of which a large number of 
species have been already determined. 
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The fossils of the Eocene deposits are so numerous that 
nothing more can be attempted here than to give a brief and 
general sketch of the life of the period, special attention being 
directed to some of the more prominent and interesting types, 
amongst which — as throughout the Tertiary series — the Mam- 
mals hold the first place. It is not uncommon, indeed, to 
speak of the Tertiary period as a whole under the name of the 
"Age of Mammals," a title at least as well deserved as that of 
" Age of Reptiles " applied to the Mesozoic, or " Age of Mol- 
luscs " applied to the Palieozoic epoch. 

As regards i\\e piants of the Eocene, the chief point to be 
noticed is, that the conditions which had already set in with 
the commencement of the Upper Cretaceous, are here coa- 
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tinued, and siill further enforced. The Cycads of the Secondary 
period, if tiiey have not totally disappeared, are exceedingly 
rare ; and the Coniftrs, losing the predominance which they 
enjoyed in the Mesozoic, are now relegated to a subordinate 
though well-defined place in the terrestrial vegetation. The 
great majority of the Eocene plants are referable to the groups 
of the Angiospermous Exogens and the Monocotyledons ; and 
the vegetation of the period, upon the whole, approximates 
closely to that now existing upon the earth. The plants of the 
European Eocene are, however, in the main most closely allied 
to forms which are iiow characteristic of tropical or sub-tropical 
regions. Thus, in the London Clay are found niunerous fruits 
of Palms (Nipadilei, fig. 2 13), along with various other plants, 
most of which indicate a warm dimate 
as prevailing in the south of England 
at the commencement of the Elocene 
period. In the Eocene strata of North 
.America occur numerous plants belong- 
ing to existing types — such as Palms, 
Conifers, the Magnolia. Cinnamon, Fig, 
I Jog- wood, Maple, Hickory, Poplar, 
Plane, &c. Taken as a whole, the 
Eocene flora of North America is nearly 
related to that of the Miocene strata of 
Europe, as well as to that now existing 
in the American area. We may con- 
clude, therefore, that "the forests of 
the American Eocene resembled those 
of the European Miocene, and even of modem America" 
(D..»). 

As regards the ammah of the Eocene period, the Protozoans 
are represented by numerous Foraminifera, which reach here 
their maximum of development, both as regards the size of 
individuals and the number of generic types. Many of the 
Eocene Foraminifers are of small size ; but even these not 
uncommonly form whole rock-masses. Thus, the so-called 
" Miliolite Limestone " of the Paris basin, largely used as a 
building-stone, is almost wholly composed of the shells of a 
small species of Miliola. The most remarkable, however, of 
the many members of this group of animals which flourished in 
Eocene times, are the " Nummulites " (NummuUna), so called 
from their resemblance in shape to coins (Lat. rtummus, a coin). 
The Nummulites are amongst the largest of all known Fgra- 
minifera, sometimes attaining a size of three inches in circum- 
ference j and their internal structure is very complex (fig, 214)1 
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species are known, and they are particularly character- 
" the Middle and Upper of these periods— their place 
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being sometimes taken by Orhitouies, a form very similar lo the 
Nummnlite in external appearance, but differing in its internal 
details. In the Middle Eocene, the remains of Nummulites 
are found in vast numbers in a very widely-spread and easily- 
recognised formation known as the " Numniulitic Limestone " 
(fig. lo). According to Sir Charles Lyell, "the Nummulitic 
Limestone of the Swiss Alps rises to more than 10,000 feet 
above the level of the sea, and attains here and in other moun- 
tain-chains a thickness of several thousand feet. It may be 
said to play a far more conspicuous part than any other Tertiary 
group in the solid framework of the earth's crust, whether in 
Europe, Asia, or Africa. It occurs in Algeria and Morocco, 
and has been traced from Egypt, where it was largely quarried 
of old for the building of the Pyramids, into Asia Minor, and 
across Persia by Bagdad to the mouths of the Indus, It has 
been observed not only in Cutch, but in the mountain-ranges 
which separate Scinde from Persia, and which form the passes 
leading to Cabu! ; and it has been followed still further east- 
ward into India, as far as Eastern Bengal and the frontiers of 
China." The shells of Nummulites have been found at an 
elevation of 16,500 feet above the level of the sea in Western 
Thibet ; and the distinguished and philosophical geologist just 
[uoted, further remarks, that " when we have once arrived at 
conviction that the Nummuhtic formation occupies a mid- 
dle and upper place in the Eocene series, we are struck with 
the comparatively modern date lo which some of the greatest 
revolutions in the physical geography of Europe, Asia, and 
Northern Africa must be referred. All the mountain-chains — 
such as the Alps, Pyrenees, Carpathians, and Himalayas— into 
the composition of whose central and loftiest parts the Num- 
ilitic strata enter bodily, could have had no existence till 



after the Middle Eocene period. During that period, t 
prevailed where these chains now rise; for Nummulites a 
their accompanying Testacea were unquestionably inhabitants 
of sail water." 

The Cirlenterates of the Eocene are represented principally 
by Corah, mostly of types identical with or nearly allied to 
those now in existence. Perhaps the most characteristic group 
of these is that of the Turbinolidm, comprising a number of 
simple " cup corals," which probably lived in moderately deep 
water. One of the forms belonging to this family is here 
figured (fig. zis). Besides true Corals, the Eocene deposits 
have yielded the remains of the "Sea- 
pens " {Peitnaiii/uice) and the branched 
skeletons of the "Sea-shrubs" {Gorgonitia). 
The Eehinodcrms are represented prin- 
t ip^illy by Sea-urchins, and demand nothtng 
more than mention. It Is to be observed, 
however, that the great group of the Sea- 
lilies (Crinoiih) is now veipng on extinc- 
tion, and is but very feebly represented. 

Among%ii\-\t Mollusca, k\ic Poiyzoans onA 
Brackiopods also require no special meii- 
tion, beyond the fact that the latter are 
greatly reduced in numbers, an<i belong 
princijially to the existing genera Trre- 
bratida and Rhynchotiella. The Bivalves 
{Lameliibranchs) and the Univalves (Gas- 
teropods) are exceedingly numerous, and 
almost all the principal existing genera are 
now represented ; though less than five 
per cent of the Eocene species are identical 
with those now living. It is difficult to 
make any selection from the many Bivalves 
which are known in deposits of this age; 
but species of Cardita, Crassatella, Leda, 
Cyreiia, Macira, Cardium, Psammobia,&.c., 
Fig. Ji}. - TurbiaoUn. may be mentioned as very characteristic. 
sLd"'tnd'fraJ"Swi ^he Cardita planieosta here figured (fig, 
E'^'nc. 216) is not only very abundant in the 

Middle Eocene, but is very widely distri- 
buted, ranging from Europe to the Pacific coast of North 
America. The Univalves of the Eocene are extremely nu- 
merous, and generally beautifully preserved. The majority 
of them belong to tliat great section of the Gasieropods in 
which the mouth of the shell is notched or produced into 
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a canal (when the shell is said to be " siphonosioniatous ") — 
this section including the carnivorous and most highly-or- 




ganised groups of the class. Not only i 
a large number of the Eocene Univalves belong to types 
which now atiain their maximum o£ tievelopment in the 
warmer regions of the globe. Thus we find numerous species 
of Cones (Cdwaj), Volutes (Voliiia), Covnes {Cyf rata, f\g. 218}, 




Olives and Rice-shells (O/iva), Mitre-shells (Mitra), Trumpet- 
shells (Triton), Auger-shells {Terebra), and Fig-shells {Pynda). 
Along with these are many forms of Plmroto/na, Rcskllarh, 
Spindle-shells {Fusus), Dog-whelks {Nassa), Murices, and many 
round-mouthed (" holostomatous ") species, belonginj; to such 
genera as Turritdla, Nerita, Ndtica, Scaiarta, &c. The genus 
Ceriihium (fig. 219), most of the living forms of which are 

rod in warm regions, inhabiting fresh or brackish waters, 
lergoes a vast development in the Eocene period, where it 



is represented by an immense number of specific fonns, sorae 
of which attain very large dimensions. In the Eocene strata 
of the Paris basin alone, nearly one hundred 
and fifty species of this genus have been 
delected. The more strictly fresh -water 
deposits of the Eocene period have also 
yielded numerous remains of Univalves such 
as are now proper to rivers and lakes, to- 
gether with the shells of true Land-snails. 
Amongst these may be mentioned numerous 
species of Z(OTff«o (fig. 2ao),/%M (fig. 221), 
Mi-lania, Palvdina, Planerbis, Helix, Buli- 
mils, and Cyclostoma (fig. zjs). 

With regard to the Cepkalopods, the chief 
point to be noticed is, that all the beautiful 
and complex forms which peculiarly char- 
acterised the Cretaceous period have here 
disappeared. We no longer meet with a 
single example of the Turrilite, the Baculite, 
the Hamite, the Scaphile, or the Ammonite, The only ex- 
ception to this statement is the occurrence of one 
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of Ammonite in the so-called " Lignitic Formation " of North 
America ; but the beds containing this may possibly be rather 
referable to the Cretaceous — and this exception does not 
affect the fact that the Ammonitida, as a family, had be- 
come extinct before the Eocene strata were deposited. The 
ancient genus Nanlihis still survives, the sole representative of 
the once mighty order of the Tetrabrancliiate Cephalopods. 
In the order of the Dibranckiatcs, we have a like phenomenon 
to observe in the total extinction of the great family of the 
"Belemnites." No form referable to this group has hitheno 



1 found in any Tertiary slraturti ; but the internal skeletons 
Jbf Cuttle-fishes (such as Belosepia) are not unknown. 

Remains of Fishes are very abundant in strata of Eocene 
age, especially in certain localities. The most famous depot 
for the fossil fishes of this period is the limestone ol' Monte 
Bolca, near Verona, which is interstralified with beds of vol- 
canic ashes, the whole being referable to the Middle Eocene. 
The fishes here seem to have been suddenly destroyed by a 
volcanic eruption, and are found in vast numbers. Agassiz 
has described over one hundred and thirty species of Fishes 
from this locality, belonging to seventy-seven genera. All 
the species are extinct ; bvit about one-half of the genera are 
represented by living forms. The great majority of the 







' Eocene Fishes belong to the order of the "Bony Fishes" 
{Tdeosteans), so that in t!ie main the forms of Fishes charac- 
terising the Eocene are similar to those whicli predominate 
in existing seas. In addition to the above, a few Ganoids and 
I a large number of Placoids are known to occur in the Eocene 
)cks. Amongst the latter are found numerous teeth of true 
ifaarks, such as Olodus (fig. 224) and Carcharodon. The 
(ointed and serrated teeth of the latter sometimes attain a 
1 of over half a foot, indicating that these predaceous 
^hes attained gigantic dimensions; and it is interesting to 
"ote that teeth, in external appearance very similar to those 
f the early Tertiary genus Careharodon, have been dredged 
1 great depths during the recent expedition of the Chal- 
;er. There also occur not uncommonly the flattened 




c types is as marked a phenomenon as the 
introduction of new fonns. The Ichthyosaurs, the Plesio- 
saurs, the Pterosaurs, and the Mosasaurs of the Mesozoic, 
find no representatives in the Eocene Tertiary; and the 
is true of the Deinosaurs, if we except a few remains from the 
doublfiiily-situated " Lignitic formation" of the United States. 
On the other hand, all the modem orders of Reptiles are 
known to have existed during the Eocene period. The 
Clulmians are represented by true marine Turtles, by " Ter- 
rapins" (Emyditia), and by "Soft Tortoises" (Trionydda). 
The order of the Snakes and Serpents {Opkidia) makes its 
appearance here for the first time under several forms^all of 
which, however, are referable to the non-venomous group of 
the " Constricting Serpents " (Boidte). The oldest of these 
is the PaltEopkis toliapkus of the London Clay of Sheppey, 
first made known to science by the researches of Professor 
Owen, The nearly - allied Paitsephis typhceus of the Eocene 
beds of Brackksham appears to have been a Boa-con si ric tor- 
like Snake of about twenty feet in length. Similar Python- 
like Snakes (Palmophis, Dinophis, &c.) have been described 
from the Eocene deposits of the United States. True Lizards 
(Lacertiliam) are found in some abundance in the Eocene 
deposits, — some being small terrestrial forms, like the common 
European lizards of the present day; whilst others equal or 
exceed the living Monitors in size. Lastly, the modem order 
of the Crocodilia is largely represented in Eocene times, by 
species belonging to all the existing genera, together with 
others referable to extinct types. As pointed out by Owen, 
It IS an interesting fact lVva.t in the Eocene rocks of the south- 
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^resent day these forms are all geographically restricted in 
'•'their range, and are never associated together. 

Almost all the existing orders of Birds, if not all, are 
represented in the Eocene deposits by remains often very 
closely allied to existing types. Thus, amongst the SHimming 
^firds {Natatores) we find examples of forms allied to the 
■Kving Pelicans and Mei^ansers ; amongst the Waders (O-a/- 
Wlfiiores) we have birds resembling the ]bis (the Numenitis 
Mrgypsarum of the Paris basin) ; amongst the Running Birds 
{Cursores) we meet with the great Gastornis Parisiensis, which 
equalled the African Ostrich in height, and the still more 
gigantic Dasoriiis Loiniitiensis ; remains of a Partridge rep- 
resent the Scratching Birds (Rasoris) ; the American Kocene 
has yielded tlie bones of one of the Climbing Birds (Sean- 
sores), apparently referable to the Woodpeckers j the Protomis 
GlarisietisU of the Eocene Schists of Claris is the oldest 
■luiown example of tlie Perching Birds (Insessores) ; and the 
■Urds of Prey {Raptores) are represented by Vultures, Owls, 
^Kd Hawks. I'he toothed Birds of the TJpper Cretaceous 
1^% no longer known to exist ; but Professor Owen has 
recently described from the London Clay the skull of a veiy 
remarkable Bird, in which there is, at any rate, an approxi- 
mation to the structure of Ichthyornis and Hesperornis. The 
l)ird in question has been named the Odontopteryx toliapims, 
tougeneric title being derived from the very remarkable char- 
"ters of its Jaws. In this singular form (fig. 237) the margins 




Fig. h;.— SkuQ of QdoHteplwryx tsSaficm, reslond. (AFla- Owen.) 



substance of the jaw itself, with which they are continuous, 
and which were probably encased by extensions of the horny 
sheath of the bill. These tooth-like processes are of two 
sizes, the larger ones being comparable to canines ; and they 
are all directed forwards, and have a triangular or compressed 
conical form. From a careful conaideration of all the dis- 
covered remains of this bird, Professor Owen concludes that 
" Odoniopteryx was a warm - blooded feathered biped, with 
wings ; and further, that it was web-footed and a fish-eater, 
and that in the catching of its slippery prey it was assisted by 
this Pterosauroid armature of its jaws," Upon the whole, 
Odontopteryx would appear to be most nearly related to the 
family of the Geese {Anserma) or Ducks (Anatida:) ; but ihe 
extension of the bony substance of the jaws into tooth-like 
processes is an entirely unique character, in which it stands 
quite alone. 

The known Mammals of the Mesozoic period, as we have 
seen, are all of small size; and with one not unequivocal 
exception, they appear to be referable to the order of the 
Pouched Quadrupeds {Marsupials), almost the lowest group 
of the whole class of the Mammalia. In tlie Bjacene rocks, 
on the other hand, numerous remains of Quadrupeds have 
been brought to light, representing most of the great Mam- 
malian orders now in existence upon the earth, and in many 
cases indicating animals of very considerable dimensions. We 
are, in fact, in a position to assert that the majority of the 
great groups of Quadrupeds with which we are familiar at the 
present day were already in existence in the Eocene period, 
and that their ancient root-stocks were even in this early time 
separated by most of the fundamental differences of s 
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^Brhich distinguish their living representatives. At the same 

^Rime, there are some amongst the Eocene quadrupeds which 

have a " generalised " character, and which may be regarded 

as structural types standing midway between groups now 

sharply separated from one another. 

The order of the Marsupials — including the existing Kan- 
garoos, Wombats, Opossums, Phalangers, &c. — is poorly 
represented in deposits of Eocene age. The most celebrated 
example of this group is the Diddpkys gypsorum of the 

» Gypseous beds of Montmartre, near Paris, an Opossum very 
pearly allied to the living Opossums of North and South 
America. 
No member of the Edentates (Sloths, Ant-eaters, and Arma- 
dillos) has hitherto been detected in any Eocene deposit. 
The aquatic order of the Sirenians (Dugongs and Manatees), 
with their fish-like bodies and tails, paddle - shaped fore- 
limbs, and wholly deficient hind-lirabs, are represented in 
strata of this age by remains of the ancient " Sea-Cows," to 
which the name of Halitfierium has been applied. Nearly 
allied to the preceding is the likewise aquatic order of the 
Whales and Dolphins {Cetaceans), in which the body is also 
fish-like, the hindlimbs are wanting, the fore-limbs are con- 
verted into powerful "flippers" or swimming-paddles, and 
the terra inal extremity of the body is furnished with a 
horizontal tail-fin. Many existing Cetaceans {such as the 
Whalebone Whales) have no true teeth; but others (Dol- 
phins, Porpoises, Sperm Whales) possess simple conical teeth. 




which the teeih differed from those of all existing fonn»fl 
being of two kinds,— the front: ones being conical i ' ^ 
whilst the back teeth or molars have serrated triaogiilar 
crowns, and are inserted in the jaw by two roots. Each 
molar (fig. 2j8, A) looks as if it were composed of two 
separate teeth united on one side by their crowns ; and it is 
this peculiarity which is expressed by the generic name (Gr. 
sfug^, a yoke; odous, tooth). The be-.t- known species of 
the genus is the Ztugloiien atoides of Owen, which attained 
a length of seventy feet. Remains of these gigantic Whales 
are very common in the " Jackson Beds " of the Southern 
United Stales. So common are they that, according to Dana, 
" the large vertebrae, some of them a foot and a half long and 
a foot in diameter, were formerly so abundant over the 
country, in Alabama, that they were used for making walls, or 
were burned to rid the fields of them." 

The great and important order of the Hoofed Quadrupeds 
( Unguiala) is represented in the Eocene by examples of both 
ol its two principal sections — namely, those with an uneven 
number of toes (one or three) on the foot {Pertsiodaciy/e Ungu- 
laiis), and those with an even number of toes (two or four) to 
each foot (ArtiotiaclyU Ungulates). Amongst the Odd-toed 
Ungulates, the living family of the Tapirs {Tapirid(e) is repre- 
sented by the genus Coryphodon of Owen. Nearly related to 
the preceding are the species of Palaotherium, which have 
a historical interest as being amongst the first of the Tertiary 
Mammals investigated by the illustrious Cuvier. Several 
species of Palaotlifre are known, varying greatly in size, the 
smallest being little bigger than a hare, whilst the largest must 
have equalled a good-sized horse in its dimensions. The 
species of Palaotherium appear to have agreed with the 
existing Tapirs in possessing a lengthened and flexible nose, 
which formed a short proboscis or trunk (fig. aag), suitable as 
an instrument for stiipping off the foliage of trees — the char- 
acters of the molar teeth showing them to have been strictly 
herbivorous in their habits. They differ, however, from the 
Tapirs, amongst other characters, in the fact that both the 
fore and the hind feel possessed three toes each ; whereas in 
the latter there are four toes on each fore-fool, and the hind- 
feet alone are three-toed. The remains of Palieot/ieria have 
been found in such abundance in certain localities as to show 
that these animals roamed in great herds over the fertile plains 
of France and the south of England during the later portion 
of the Eocene period. The accompanying illustration (fig. 
aat}) represents the notion which the great Cuvier was induced 
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by his researches to form as to the outward appearance of 
Palaoiheiium magnum. Recent discoveries, however, have 
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rendered it probable that this restoration is in some important 
respects inaccurate. Instead of being bulky, massive, and 
more or leas resembling the hving Tapirs in form, it would rather 
appear that Palaoiheriiim magnum was in reality a slender, 
graceful, and long-necked animal, more closely resembling in 
general figure a Llama, or certain of the Antelopes. 

The singular genus Anchithfrium forms a kind of transition 
between the Palaotheria and the true Horses {Eijuidtz). The 
Horse (fig. 230, D) possesses but one fully-developed toe to 
each foot, this being terminated by a single broad hoof, and 
representing the middk toe — the third of the typical five- 
fingered or five-toed limb of Quadrupeds in general. In 
addition, however, to this full y-deve! oped toe, each foot in 
the horse carries two rudimentary toes which are concealed 
beneath the skin, and are known as the " spHni-bones." 
These are respectively the second and fourth toes, in an 
aborted condition ; and the jirsl and ^/Ih toes are wholly 
wanting. In Hipparton (fig. 230, C), the foot is essentially 
like that of the modern Horses, except that the second and 
fourth toes no longer are mere " splint-bones," hidden be- 
neath the skin ; but have now little hoofs, and hang freely, 
but uselessly, by the side of the great middle toe, not being 
sufficiently developed to reach the ground. In Anchitherium, 
again (fig. 230, B), the foot is three-toed, like that oiHipparion; 
but the two lateral toes (the second and fourth) are so (ai 
SI 
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(little finger or little toe). Lastly, the Eocene rocks have 
yielded in North America the remains of a small Equine 
quadruped, to which Marsh has given the name of OmAif^ 
In this singular form— which was not larger than a fox— the 
foot {fig. 230, A) carries /owr toes, a!l of which are hoofed and 
touch the ground, but of which the tAini toe is still the largest 
The^rsi toe (thumb or great toe} is still wanting; but in 
ancient representative of the Horses, the_;^/; or "little" 
appears for the first time. As all the above-mentioned foma- 
succeed one another in point of time, it may be regarded a* 
probable that we shall yet be able to point, with some ceH 
tainty, to some still older example of the Equida, in whid 
the first digit is developed, and the foot assumes its typica 
five-fingered condition. 

Passing on to the Even-toed or Artwdactyle Ungulates, t 
representative of the Hippotamvs seems yet to have extstee 
but there are several forms {Charopotamus, Hyopotamus, && 
more or less closely allied to the ' Pigs {Suida); and tb 
singular group of the AnopUiherid<E may be regarded as 
ing a kind of transition between the Swine and the Ruminant&i 
The Amplothcria (fig. f3i) were slender in form, the largest 
not exceeding a donkey in size, with long tails, and having the 
feet terminated by two hoofed toes each, sometimes with %■ 
t pair of small accessory hoofs as well. The teeth exhibit the 




the back teeth, like those of all the Ungulates, are adapted for 
grinding vegetable food, their crowns resembhng in form those 
of the true Ruminants. The genera Dkhohune and Xiphoifoii, 
of the Middle and Upper Eocene, are closely related to 
Anoplothtrium, but are more slender and deer-like in form. 
No example of the great Ruminant group of the Ungulate 
Quadrupeds has as yet been detected in deposits of Eocene 
age. 

Whilst true Ruminants appear to be unknown, the Eocene 
strata of North America have yielded to the researches of 
Professor Marsh examples of an extraordinary group {Dino- 
cerata), which may be considered as in some respects inter- 
mediate between the Ungidates and the Proboscideans. In 
Dinoceras itself (fig. 232) we have a large animal, equal in 
dimensions to the living Eleplianls, which it furtlier resembles 
in the structure of the massive limbs, except that there are 
only four toes to each foot. The upper jaw was devoid of 
front teeth, but there were two very large canine teeth, in the . 
form of tusks directed perpendicularly downwards ; and there 
was also a series of six small molars on each. Each upper 
jaw-bone carried a bony projection, «'hich was probably of the 
nature of a "horn-core," and was originally sheathed in horn. 
Two similar, but smaller, horn-cores are carried on the nasal 
bones; and two much larger projections, also probably of the 
nature of horn-cores, were carried upon the forehead. 
may thus infer that Dinoaras possessed three pairs of horns, 
all of which resembled the horns of the Sheep and Oxen in I 
consisting of a central bony " core," surrounded by a homy j 




and slender. Many forms of the Dinoctrata ai 
these singular and gigantic quadrupeds appear t 
confined to the North American continent, and to 
to the Eocene period. 

The important order of the Elephants ( 
not known to have come into existence during the 
period. On the other hand, the great order of the Beasts of 
Prey {Carw/Vortf) is represented in Eocene strata by several 
forms belonging to different tyjies. Thus the Arctocyon pre- 
sents us with an Eocene Carnivore more or less closely allied 
to the existing Racoons ; the Pa/iEonyctis appears to be related 
to the recent Civet-cats; the genus Hymnodon is in some 
respects comparable to the living Hysnas ; and the Canis 
Parisifnsis of the gypsum-bearing beds of Montmartre may 
perhaps be allied to the Foxes. 

The onlerof the ^■^fi{Chtiropterci)\^ represented in Eocene 
strata of the Paris basin (Gypseous series of Montmartre) by 
the Vespertilia Parisimsis (fig. 233J, an insect-eating Bat very 
Umilar to some of the existing European forms. Lastly, the 

yxat deposits have yielded more or less satisfactory evi- 





eating Mammals {Insect ivora), and the Monkeys ( 



CHAPTER XIX. I 

THE MIOCENE PERIOD. 

The Miocene rocks comprise those Tertiary deposits which 

Mntain less than about 35 per cent of existing species of shells 

^Afoilusm), and more than 5 per cent — or those deposits in 

|rhich the proportion of living sheils is less than of extinct 

They are divisible into a Lower Miocene {Oligocau) 

iod an Upper Miocene series. 

In Britain, the Miocene rocks are very poorly developed, 
jne of their leading developments being at Bovey Tracy in 
Pcvonshire, where there occur sands, clays, and beds of lignite 
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or imperfect coal. These strata contain numerous | 
among>it which are Vines, Figs, the Cinnamoii-l 
and many Conifers, especially those belonging to the genus 
Sy/iteia (the "Red-woods"). These Bovey Tracy lignites are 
of Lower Miocene age, and they are lacustrine in origin. Also 
of Lower Miocene age are the so-cailed " Hempstead Beds" 
of V.irmouth in the Isle of Wight. These attain a thickness of 
less than soo feet, and are shown by their numerous fossils lo 
be principally a true marine formation. La.stly, the Duke of 
Argyll, in 1851, showed that there existed at Ardtun, in the 
island of Mull, certain Tertiary strata contaiuing numerous 
remains of plants ; and these also are now regarded as belonf;- 
ing to the I^wer Miocene. 

In Frante, the Lower Miocene is represented in Auvergne, 
Cantal, and Velay, by a great thickness of nearly horizontal 
strata of sands, sandstone, clays, marls, and limestones, the 
whole of fresh-water origin. The principal fossils of these 
lacustrine deposits are Mamtttalia, of which the remains occur 
in great abundance. In the valley of the Loire occur the 
typical European deposits of Upper Miocene age. These are 
known as the " Faluns," from a provincial term applied to 
shelly sands, employed to spread upon soils which are deficient 
in lime; and the Upper Miocene is hence sometimes spoken 
of as the "Faliinian" formation. The Faluns occur in scat- 
tered patches, which are rarely more than 50 feet in thickness, 
and consist of sands and marls. The fossils are chiefly marine; 
but there occur also land and fresh-water shells, together with 
the remains of numerous Mammals. About 25 per cent of the 
shells of the Faluns are identical with existing species. The 
sands, limestones, and marls of the Department of Gers, near 
the base of the Pyrenees, rendered famous by the number of 
Mammalian remains exhumed from them by M. Lartet, also 
belong to the age of the Faluns. 

In Switzerland, between the Alps and the Jura, there occur 
a great series of Miocene deposits, known collectively as the 
" Molasse," from the soft nature of a greenish sandstone, 
which constitutes one of its chief members. It attains a thick- 
ness of many thousands of feet, and rises into lofty mountains, 
some of wliich^as the Rigi — are more than 6000 feet in 
height The middle portion of the Molasse is of marine 
origin, and is shown by its fossils to be of the age of the 
Faluns; but the lower and upper portions of the formation 
are mainly or entirely of fresh-water origin. The Lower 
Molasse {of Lower Miocene age) has yielded about 500 species 
of plants, mostly of tropical or sub-tropical forms. The Upper 
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PjMoksse has yielded about the same number of plants, with 
about 900 species of Insects, such as wood-eating Beetles 
Water-beetles, While Ants, Dragoti-flies, &c. 

In Bel^um strata of both Lower and Upper Mioci 
are known — the former {Rupelian Clays) containing nu 
mar e foss Is whilst the latter {Bolderberg Sands) have 
L yiel ied n merous shells corresponding with those of the 
I Faluns 

1 Austria M ocene strata are largely developed, marine 
' beds belonging to both the Lower and Upper division of the 
formation occumng extensively in the Vienna basin. The 
well-known Brown Coais of Radaboj, in Croatia, with numer- 
ous plants and insects, are also of Lower Miocene age. 

tin Germany, deposits belonging to both the Lower and 
.Upper division of the Miocene formation are extensively de- 
veloped. To the former belong the marine strata of the May- 
ence basin, and the marine Rupdian Clay near Berlin ; whilst 
a celebrated group of strata belonging to the Upper Miocene 
occurs near Epplesheim, in Hesse-Darmstadt, and is well 
known for the number of its Mammalian remains. 

»In Greece, at Pikerm^, near Athens, there occurs a cdebrated 
deposit of Upper Miocene age, well known to palEeontologists 
through the researches of M.M. Wagner, Roth, and Gaudry 
upon the numerous Mammalia which it contains. In Italy, 
afco, strata of both Lower and Upper Miocene age are well 
developed in the neighbourhood of Turin, 

In the Siw&lik Hills, in India, at the southern foot of the 
Himalayas, occurs a series of Upper Miocene strata, which 

^have become widely celebrated through the researches of Dr 
Falconer and Sir Proby Cautley upon the numerous remains 
of Mammals and Reptiles which they contain. Beds of corre- 
sponding age, with similar fossils, are known to occur in the 
island of Perim in the Gulf of Cambay.- 

Lastly, Miocene deposits are found in North America, in 
New Jersey, Maryland, Virginia, Missouri, California, Oregon, 
&C., attaining a thickness of 1500 feet or more. They consist 
\ principally of clays, sands, and sandstones, sometimes of 
■intarine and sometimes of fresh- water origin. Near Richmond, 
l^in Virginia, there occurs a remarkable stratum, wrongly called 
"Infusorial Earth," which is occasionally 30 feet in thickness, 
hgnd consists abnost wholly of the siliceous envelopes of cer- 
E'tain low forms of plants (Diatoms), along with the spicules of 

"_ _ ind other siliceous organisms (see fig. 16). The j 
J White Ritier Group of Hayden occurs in the Upper Missouri 
»-.l^OD, and is largely exposed over the barren and desolat? 1 1 
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district known as the " Mauvaises Terres." They 1 
thickness of looo feel or more, and contain numerous n ^ 

of Mammals. They are of lacustrine origin, and are believed 
to be of the age of the Lower Miocene. Upon the whole, 
about from 15 to 30 per cent of the Mollusca of the American 
Miocene are identical with existing species. 

In addition to tJie regions previously emmierated, Miocene 
strata are known to be developed in Grrenlatui, Jceland, Spits- 
bergen, and in other areas of less importance. 

The life of the Miocene period is extremely abundant, and, 
from the nature of the deposits of this age, also extremely 
varied in its character. The marine beds of the formation 
have yiehled numerous remains of both Vertebrate and Inver- 
tebrate sea-animals; whilst the fresh-water deposits contain 
the skeletons of such shells, fishes, &c., as now inhabit rivers 
or lakes. Both the marine and the lacustrine beds have been 
shown to contain an enormous number of plants, the latter 
more particularly ; whilst the Brown Coals of the formation 
are made up of vegetable matter little altered from its original 
condition. The remains of air-breathing "animals, such as 
Insects, Reptiles, Birds, and Mammals, are also abundantly 
found, more especially in the fresh-water beds. 

The plants of the Miocene period are extraordinarily num- 
erous, and only some of the general features of the vegetation of 
this epoch can be indicated here. Our chief sources of informa- 
tion as to the Miocene plants are the Brown Coals of Germany 
and Austria, the Lower and Upper Molasse of Switzerlanii, 
and the Miocene strata of the Arctic regions. The lignites of 
Austria have yielded very numerous plants, chiefly of a tropica! 
character — one of the most noticeable forms being a Palm of 
the genus Sabal (^g. 234, B), now found in America. The 
plants of the Lower Miocene of Switzerland are also mostly 
of a tropical character, but include several forms now found 
in North America, such as a Tulip-tree {Liriodendron) and a 
Cypress {Taxodiiim). Amongst the more remarkable forms 
from these beds may be mentioned Fan-Palms {Chafnaropi, 
fig 234, A), numerous tropical ferns, and two species of Cin- 
namon. The plant-remains of the Upper Molasse of Switzer- 
land indicate an extraordinarily rank and luxuriant vegetation, 
composed mainly of plants which now live in warm countries. 
Among the commoner plants of this formation may be enume- 
rated many species of Maple {Acer), Plane-trees (F/atanus 
ig. 235), Cinnamon- trees (fig. 236), and other members of d 
Lauraeea, many species of Proieac«E {Banksia, Gremillea, I 
several species of Sarsaparilla {SmUax), Palms, Cypresses, I 





very nearly allied to the huge Sequoia ( WeUingtonia) gigantea 
of California. A nearly-allied form (Sequoia Langsdorffi) has 
been detected iri the leaf-bed of Ardtun, in the Hebrides. 
In Greenland, as well as in other parts of the Arctic regions, 
; strata have been discovered which have yielded a 
great number of plants, many of which are identical with 
■nccies found in the European Miocene. Amongst these 



plants are found many trees, such as Conifers, Beeches, Oaks, 
Maples, PUnetrees, Walnuts, Magnolias, &c., with numerous 
shrubs, ferns, and other smaller plants. With regard to the 
Miocene flora of the Arctic regions. Sir Charles Lyell remarks 
thai "more than thirty species nf Conifers have been found, 
including several Sequoias (allied to the gigantic Wellingtonia 
of California), with species of Thujopiis and Salisburia, now 
peculiar to Japan. There are also beeches, oaks, planes, 
poplars, mai)les, walnuts, limes, and even a magnolia, two 
cones of which have recently been obtained, proiing that 
this splendid evergreen not only lived but ripened its fniit 
within the Arctic circle. Many of the limes, planes, and 
oaks were lai^e-leaved species ; and both flowers and fruits, 
besides immense quantities of leaves, are in many cases pre- 
served. Among the shrubs are many evergreens, as Andro- 
meda, and two extinct genera, Daphnogme and M' Ciiniockia, 
with fine leathery leaves, together with hazel, blackthorn, 
holl)', logwood, and hawthorn. A species of Zamia (Zamita) 
giew in the swamps, with PQlantogeton, Sparganium, and 
AfenyanOus ; while ivy and vines twined aronnd the forest- 
trees, and broad-leaved ferns grew beneath their shade. Even 
in Spitzbergen, as far north as lat. 78° 56', no less than ninety- 
five species of fossil plants have been obtained, including 
Taxodium of two species, hazel, poplar, alder, beech, plane- 
tree, and lime. Such a vigorous growth of trees within 12° of 
the pole, where now a dwarf willow and a few herbaceous 
plants form the only vegetation, and where the ground is 
covered with almost perpetual snow and ice, is truly remark- 
. able." 

Taking the Miocene flora as a whole, Dr Heer concludes 
from his study of about 3000 plants contained in the Euro- 
pean Miocene alone, that the Miocene plants indicate tropical 
or sub-tropical conditions, but that there is a striking inter- 
mixture of forms which are at present found in countries 
widely removed from one another. It is impossible to state 
with certainty how many of the Miocene plants belong io 
existing species, but it appears that the larger nuniber are 
extinct. According to Heer, the American types of planls 
are most largely represented in the Miocene flora, next those 
of Europe and Asia, next those of Africa, and lastly those'of 
Australia. Upon the whole, however, the Miocene flora of 
Europe is mostly nearly allied to the plants which we now 
find inhabiting the warmer parts of the United States; and 
this has led to the suggestion that in Miocene times the 
Atlantic Ocean was dry land, and that a migration of Ameii- 
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keftn plants to Europe was thus permitted. This view is borne 

..Bit by the fact that the Miocene plants of Europe are most 
learly allied to the living plants of the eastern or Atlantic 

^4eaboard of the United States, and also by the occurrence of 
1 rich Miocene flora in Greenland. As regards Greenland, 
Or Heer has determined that the Miocene plants indicate a 
«mperate climate in that country, with a mean annual tem- 

i^ralure at least 30° warmer than it is at present. 

The present limit of trees is the isothermal which gives the 

^ean temperature of 50° Fahr. in July, or about the parallel 
3[ 67° N. latitude. In Miocene times, however, the Limes, 

„Cypresses, and Plane-trees reach the 79lh degree of latitude, 
ind the Pines and Poplars must have ranged even further 
north than this. 

The Invertebrate Aniinah of the Miocene period are very 
numerous, but they belong for the most part to existing types, 
and they can only receive scanty consideration here. The 
Kttle shells of Foraminifera are extremely abundant in some 
beds, the genera being in many cases such as now flourish 
Sbimdanily in our seas. The principal forms belong to the 
genera Textularia (lig. 237), RobuUna, GlanduUna, Poly- 
slomeHa, Amphistegma, &c 
Corals are very abundant, 
in many instances forming 
tegular " reefs ;" but all the 
more important groups are 
in existence at the present 
day. The Red Coral ( Cor- 
allium), so largely sought 
^er as an ornamental nia- 
te^ial, appears for the first 

"time in deposits of this age. 
'Amongst the Echimiderms, 

we meet with Heart-Urchins {Spatatigus), Cake-Urchins 
{Sattella, fig. 238), and various other forms, the majority of 
which are closely allied to forms now in existence. 

Numerous Crabs and Lobsters represent the Crustacea; but 

■ the most important of the Miocene Articulate Animals are the 
Jnseds. Of these, more than thirteen hundred species have 

"teen determined by Dr Heer from the Miocene strata of 
Switzerland alone. They include almost all the" existing 
*>rders of insects, such as numerous and varied forms of 

'Beetles {Coleoptera), Forest-bugs {Hetniptera), Ants {Hymen- 

^fitera). Flies (.Z?i>/«-ff), Termites and Dragon -flies {Neurop- 

*t^a), Grasshoppers {Orthoptera), and Butterflies {LepldopUra\ 






The Mollusca of the Miocene period are very i 
but call for little special comnienL Upon (he whole, they are 
generically very similar to the Shell fish of the present day; 
whilst, as before stated, from fifteen to thirty per cent of the 
species are identical with those new in existence. So far as the 
European area is concerned, the Molluscs indicate a decidedly 
hotter climate than the present one, though they have not such 
a distinctly tropical character as is the case with the Eocene 
shells. Thus we meet with many Cones, Volutes, Cowries, 
Oiive-shells, Fig-shells, and the like, which are decidedly 
indicative of a high temperature of the sea. Pelyzoam are 
abundant, and often attain considerable dimensions ; whilst 
Brachiopods, on the other hand, are few in number. Bivalves 
and Univah'es are extremely plentiful ; and we meet here with 
the shells of Winged - Snails {Pleropwis), belonging to such 
existing genera as Hyaiea (fig. 239) and Cleodora. Lastly, 
the Cephalopods are represent- 
ed both by the chambered 
shells of Nautili and by the 
internal skeletons of Cuttle- 
fishes {Spirulirastra.) 

The Fishes of the Miocene 
period are very abundant, but 
of Uttle special importance. 
Besides the remains of Bony Fishes, we meet in the marine 
deposits of this age with numerous pointed teeth belonging 
to different kinds of Sharks. Some of the genera of these — 
such as Carcharodon (fig. 241), Oxyrhina (fig, 240), Lu-imna, 
and Gaieoardo — are very widely distributed, ranging through 
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both the Old and New Worlds \ 
gigantic dimensions. 

Amongst the Amphibians we i 
types, such as Frogs i^Rana) 
and Newts or Salamafidera. 
The most celebrated of the 
latter is the famous Aiidrias 
Schauhseri (fig. 242), dis- 
covered in the year 1 
in the fresh-water Miocene 
deposits of CEningen, 
Switzerland. The skeleton 
indicates an animal nearly 
five feet in length ; and it 
was originally described by 
Scheuchzer, a Swiss physi- 
cian, in a dissertation published in 1 73 1 , as the remains of one 
of the human beings who were in existence at the time of the 
Noachian Deluge. Hence he applied to it the nanieof ZTcffw 
dilwii testis. In reality, however, as shown by Cuvier, we 
have here the skeleton of a huge Newt, very closely allied to 
the Giant Salamander (Mawpoma maxima) of Java. 

The remains of Jief/ilrs are far from uncommon in the 
Miocene rocks, consisting principally of Chelonians and Cro- 
codilians. The Land-tortoises (Testudinidai) make their first 
appearance during this period. The most remarkable form 
of this group is the huge Colossochelys Atlas of the Upper 
Miocene deposits of the Siwdlik Hills in India, described by 
Dr Falconer and Sir Proby Cautley. Far exceeding any 
living Tortoise in its dimensions, this enormous animal is 
estimated as having had a length of about twent)' feet, measured 
from the tip of the snout to the extremity of the tail, and to 
have stood upwards of seven feet high. AH the details of its 
organisation, however, prove that it must have been "strictly 
a land animal, with herbivorous habits, and probably of the 
most inoffensive nature." The accomplished paleontologist 
Just quoted, shows further that some of the traditions of the 
Hindoos would render it not improbable that this colossal 
Tortoise had survived into the earlier portion of the human 
period. 

Of the Birds of the Miocene period it is sufficient to re- 
mark that though specifically distinct, they belong, so far as 
known, wholly to existing groups, and therefore present no 
points of special palffiontolgical interest. 

The Mammals of the Miocene are very numerous, and only 



Bie more important forms can be here alluded to. Amongst 
P^e Marsupials, the Old World still continued to possess 
species of Opossum \Didephys), allied to the existing American 
forms. The Edentatts (Sloths, Armadillos, and Ajit-eaters), at 
the present day mainly South American, are represented by 
two large European forms. One of these is the large Macro- 
iherium gigantatm of the Upper Miocene of Gers in Southern 
J'rance, which appears to have been in many respects allied to 
ithe existing Scaly Ant-eaters or Pangolins, at the same time 
^hat the disproportionately long fore-limiis would indicate that 
it possessed the climbing habits of the Sloths. The other is 
the still more gigantic AmylMherium Penldici of the Upper 
IMiocene of Pikermd, which seems to have been as large as, or 
larger than, the Rhinoceros, and which must have been terres- 
trial in its habits. This conclusion is further borne out by the 
comparative equality of length which subsists between the fore 
'and hind limbs, and is not atiected by the curvature and 
'crookedness of the claws, this latter feature being well marked 
in such existing terrestrial Edentates as the Great Ant-eater. 

The aquatic Sirenians and Cetaceans are represented in 
Miocene times by various forms of no special importance. 
-Amongst the former, the previously existing genus HatUhtrium 
continued to survive, and amongst the latter we meet with 
femains of Dolphins and of Whales of the "Zeuglodont" 
family. We may also note here the first appearance of true 
" Whalebone Whales," two species of which, resembling the 
living "Right Whale" of Arctic seas, and belonging to the 
same genus {Baland), have been detected in the Miocene 
Lbeds of North .America. 

H The great order of the Ungidales or Hoofed Quadrupeds is 
^Very largely developed in strata of Miocene age, various new 
■ types of this group making their appearance here for the first 
time, whilst some of the characteristic genera of the preceding 
period are still represented imder new shapes. Amongst the 
Odd-toed or " Perissodactyle " Ungulates, we meet for the first 
time with representatives of the family RhinoceridcR compris- 
ing only the existing Rhinoceroses. In India in the Upper 
Miocene beds of the SiwSlik Hills, and in North America, 
several species of Rhinoceros have been detected, agreeing with 
the existing forms in possessing three toes to each foot, and in 
having one or two solid fibrous " horns " carried upon the front 
of the head. On the other hand, the fonns of this group which 
distinguish the Miocene deposits of Europe appear to have 
been for the most part hornless, and to have resembled the 
Tapirs in having three-toed hind-feet, but four-toed foic-feax. 



The family of the Tapirs is represented, both in the Old 
and New Worlds, by species of the genus Lophiedon, some of 
which were quite diminutive in point of size, whilst others 
attained the dimensions of a horse. Nearly allied to this 
family, also, is the singular group of quadrupeds which Marsh 
has described from the Miocene strata of the United States 
under the name of Brontoiherida. These extraordinary ani- 
mals, typified by Bronfolheriutn (fig. 243) itself, agree with the 
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existing Tapirs of South America and the Indian Archipelago 
in having the fore-feet four-toed, whilst the hind-feet are three- 
toed : and a further point of resemblance is found in the fact 
(as shown by the form of the nasal bones) that the nose was 
long and flexible, forming a short movable proboscis or trunk, 
by means of which the animal was enabled to browse on 
shrubs or trees. They differ, however, from the Tapirs, not 
only in the apparent presence of a long tail, but also in the 
possession of a pair of very large " horn-cores," carried upon 
the nasal bones, indicating that the animal possessed horns of 
a similar structure to those of the " Hollow-homed " Rumin- 
ants (e.g.. Sheep and Oxen). Bronlotherium gigas is said to be 
nearly as lai^e as an Elephant, whilst B. ingetis appears to 
have attained dimensions still more gigantia The well-knou-n 
genus Titatwlherium of the American Miocene would also 
appear to belong to this group. 

The family of the Horses (Equida) appears under various 
forms in the Miocene, but the most important and best known 
of these is Hipparion. In this genus the genera! conformation 
of the skeleton is extremely similar to that of the existing 
Horses, and the external appearance of the animal must have 
been very much the same. The foot of Hipparion, however, 
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as has been previously mentioned, ditTered from that of the 
Horse in the fact that whilst both possess the middle toe greatly 
developed and enclosed in a broad hoof, the former, in addition, 
possessed two lateral toes, which were sufficiently developed 
to carry hoofs, but were so far rudimentary that they hung idly 
by the side of the central toe without touching the ground 
(see fig. 230). In the Horse, on the other hand, these lateral 
toes, though present, are not only functionally useless, but are 
concealed beneath the skin. Remains of the Hipparwrt have 
been found in various regions in Europe and in India ; and 
from the immense quantities of their bones found in certain 
localities, it may be safely inferred that these Middle Tertiary 
ancestors of the Horses lived, like their modem representa- 
tives, in great herds, and in o])en grassy plains or prairies. 

Amongst the Even-toed or Ariiodaetyh Ungulates, we for 
the first time meet with examples of the Hippopotamus, with its 
four-toed feet, its massive body, and huge tusk-like lower 
canine teeth. The Miocene deposits of Europe have not 
hitherto yielded any remains of Hippopotamus; but several 
species have been detected in the Upper Miocene of theSiwaiik 
Hills by Dr Falconer and Sir Proby Cautley. These ancient 
Indian forms, however, differ from the existing Hippopotamus 
amp/iibius of Africa in the fact that they possessed six incisor 
teeth in each jaw (fig. 244), whereas the latter has only four. 

Amongst the other Even-toed Ungulates, the family of the 
Pigs {Suida) is represented by true Swine {Sus Erymanildus), 
Peccaries {Dicotyles antiquus), and by forms which, like the 
great Elotherium of the American Miocene, have no represen- 
tative at the present day. The Upper Miocene of India has 
yielded examples of the Camels. Small Musk-deer {Ampki- 
iragulus and Dremotherium) are known to have existed in 
France and Greece ; and the true Deer {Cervidte), with their 
solid bony antlers, appear for the first time here in the person of 
species allied to the living Stags {Cervus), accompanied by the 
extinct genus Dorcathmum. The Giraffes {Came/opardalida), 
now confined to Africa, are known to have lived in India and 
Greece ; and the allied Helladotherium, in some repects inter- 
mediate between the Giraffes and the Antelopes, ranged over 
Southern Europe from Attica to France. The great group of 
the "Hollow-homed" Runiinanls (Cavicomia\ lastly, came 
into existence in the Miocene period ; and though the typical 
families of the Sheep and Oxen are apparently wanting, there 
are true Antelopes, together with forms which, if systemati- 
^cally referable to the Antilopiila, nevertheless are more or less 
plearly transitional between this and the family of the Sheep 
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's of the same deposit is intermediate iu its characters 
between the typical Antelopes and the Goats. Perliaps the 
most remarkable, however, of these Miocene Ruminants is the 
Sivatherium giganteum (fig. 245) of the SiwSlik Hills, in India. 
In this extraordinary animal there were two pairs of hcHmS, 
supported by bony " horn-cores," so lliat there can be do 
hesitation in referring Sivalherium to the Cavicom Rumin- 
ants. If all these horns had been simple, there would have 
been no difficulty in considering Stvathcrium as simply a 
gigantic four-homed Antelope, essentially similar to the living 
Antihpe (Tetratiros) quadricornis of India. The hinder pair 
of horns, however, is not only much larger than the front piur, 
but each possesses two branches or snags— a peculiarity not to 
be paralleled amongst any existing Antelope, save the abnormal 
Prongbuck [Antilocapra) of North America. Dr Murie, bow- 
ever, in an admirable memoir on the structure and relationships 




that this may also have been the case with the extinct fonn. 
This conjecture is rendered probable, amongst other reasons, 
by the fact that no traces of a horny sheath surrounding the 
horn-cores of the Indian fossil have been as yet detected. 
Upon the whole, therefore, we may regard the elephantine 
Siva/Atrium as being most nearly allied to the Prongbuck of 
Western America, and thus as belonging to the family of the 
Antelopes. 

It is to the Miocene period, again, to which we must refer 
the first appearance of the important order of the Elephants 
and their allies {Prol'osci(ieans), all of which are characterised by 
their elongated trunk-like noses, the possession of live toes to 
the foot, the absence of canine teeth, the development of two 
or more of the incisor teeth into long tusks, and the adaptation 
of the molar teeth to a vegetable diet. Only three generic 
groups of this order are known — namely, the extinct Deino- 
theriu7n, the equally extinct Mastod&ns^ and the Elephants; and 
all these three types are known to have been in existence aa 



early as the Miocene period, the first of ihem being exclnsively 
confined to de|>osils of this age. Of the three, the genus 
De'motherium is much the most abnormal in its characters; 
so much so, that good authorities regard it as really being one 
of the Sea-cows (Sinnia) —though this view lias been rendered 
untenable by the discovery of ]iml>-bones which can hardly 
belong to any other animal, and which are distinctly Probosci- 
dean in type. The most celebrated skull of the Deinothere 
(fig. 246) is one which was exhumed from the Upper Miocene 
deposits of Epplesheim, in Hesse- 
Darmstadt, in the year 1836. 
This skull was four and a half 
feet in length, and indicated an 
animal larger than any existing 
species of FLIephant. The upper 
jaw is destitute of incisor or 
canine teeth, but is furnished on 
each side with five molars, which 
are opposed to a corresponding 
series of grinding teeth in the 
lower jaw. No canines are pre- 
sent in the lower jaw; but the 
front portion of the jaw is ab- 
Kig. j,6.-ikuii asjie,-,Mian..m riiptly bent downwards, and car- 
fhcUpi«7ijJi™ilcVc;e^l^'y. """ ries two huge tusk-like incisor 
teeth, which are curved down- 
wards and backwards, and the use of which is rather proble- 
matical. Not only does the Deinothere occur in Europe, but 
remains belonging to this genus have also been detected in the 
Siwalik Hills, in India. 

The true Elephants {Ekphas) do not appear to have ex- 
isted during the Miocene period in Europe, but several species 
have been detected in the Upper Miocene deposits of the 
Siwalik Hills, in India. The fossil forms, though in all cases 
specifically, and in some cases even sub-generically, distinct, 
agree with those now in existence in the general conformation 
of their skeleton, and in t!ie principal characters of their den- 
tition. In all, the canine teeth are wanring in both jaws ; and 
there are no incisor teeth in the lower jaw, whilst there are 
two incisors in the front of the upper jaw, which are de- 
veloped into two huge "tusks." There are six molar teelh 
on each side of both the upper and lo«'er jaw, but only 
one, or at most a part of two, is in actual use at any given 
time ; anil as this becomes worn away, it is pushed forward 
and replaced by its successor behind it. The molars 
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process of mastication, the teeth become worn down to a flat 
surface, crossed by the enamel-ridges in varying patterns. 
These patterns are different in the different species of Ele- 
phants, though constant for each ; and they constitute one of 
the most readily available means of separating the fossil 
forms from one another. Of the seven Miocene Elephants 
of India, as judged by the characters of the molar teeth, 
two are allied to the existing Indian Elephant, one is related 
to the living African Elephant, and the remaining four are in 
some respects intermediate between the true Elephants and 
the Mastodons. 

The Mastodons, lastly, though quite elephantine in their 



general characters, possess molar teeth which have their crowns 
furnished with conical eminences or tubercles placed in pairs 
(fig. 247, ^)' instead of having the approximately flat surface 
characteristic of the grinders of the Elephants. As in the 
latter, there are two upper incisor teeth, which grow perma- 
nently during the life of the animal, and which constitute great 
tusks ; but the Mastodons, in addition, often possess two lower 
incisors, which in some cases likewise grow into small tusks. 
Three species of Mastodon are known to occur in the Upper 
Miocene of the Siwalik Hills of India ; and the Miocene de- 
posits of the European area have yielded the remains of four 
species, of which the best known are the M. longirostris and the 
M. angustiiiens. 

Whilst herbivorous Quadrupeds, as we have seen, were 
extremely abundant during Miocene times, and often attained 
gigantic dimensions. Beasts of Prey (Carnivord) were by no 
means wanting, most of the principal existing families of the 
order being represented in deposits of this age. Thus, we find 
aquatic Carnivores belonging to both the living groups of the 
Seals and Walruses ; true Bears are wanting, but their place 
is filled by the closely-allied genus Amphicyon, of which various 
species are known ; Weasels and Otters were not unknown, 
and the Hyienktis and Ictiihermm of the Upper Miocene of 
Greece are apparently intermediate between the Civet-cats and 
the Hysenas ; whilst the great Cats of subsequent periods are 
more than adequately represented by the huge " Sabre-toothed 
Tiger " {Afachairodus), with its immense trenchant and serrated 
canine teeth. 

Amongst the Rodmt Mammals, the Miocene rocks have 
yielded remains of Rabbits, Porcupines (such as the Mystrix 
primigenius of Greece), Beavers, Mice, Jerboas, Squirrels, and 
Marmots. All the principal living groups of this order were 
therefore differentiated in Middle Tertiary times. 

The Chfiroptfra are represented by small insect-eating Bats; 
and the order of the Insectivorous Mammals is represented by 
Moles, Shrew-mice, and Hedgehogs. 

Lastly, the Monkeys {Quadrumana) appear to have existed 
during the Miocene period under a variety of forms, remains 
of these animals having been found both in Europe and in 
India ; but no member of this order has as yet been detected 
in the Miocene Tertiary of the North American continenL 
Amongst the Old \\'orld Monkeys of the Miocene, the two 
most interesting are the Pliopithecus and Dryopithecus of France. 
The former of these (tig. 248) is supposed to have been most 
near]/ related to the living Semmfithm of Southern Asia, b 
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1- case it must have possessed a long tail. The Mesopi- 
\s of the Upper Miocene of Greece is also one of the lower 




Monkeys, as it is most closely allied lo the existing Macaques, 
On the other hand, the Dryopithems of the French Upper 
Miocene is referable to the group of the " Anthropoid .\pes," 
and is most nearly related to the Gibbons of the present day, 
in which the tail is rudimentary and there are no cheek- 
pouches. Dryopithecus was, also, of large size, equalling Man 
in stature, and apparently living amongst the trees and feed- 
ing upon fruits. 



CHAPTER XX. 
THE PLIOCENE PERIOD. 



^P The highest division of the Tertiary deposits is termed the 
Plioane formation, in accordance with the classification pro- 
posed by Sir Charles Lyell. The Pliocene formations contain 
from 40 to ((5 per cent of existing species oi Afollusca, the re- 
maindes belonging to extinct species. They are divided by Sir 
Charles Lyell into two divisions, the Older Pliocene and Newer 
Pliocene. 

The Pliocene deposits of Britain occur in Suffolk, and are 
known by the name of " Crags," this being a local term used 
for certain shelly sands, which are employed in agriculture. 
Two of these Crags are referable to the Older Pliocene, viz., 



the White and Red Crags, — and one belongs to the Nei 
Pliocene, viz., the Norwich Crag. 

The WhiU or Coralliiit Crag of Suffolk is the oldest of th™ 
Pliocene deposits of Brilain, and is an exceedingly local for- 
mation, occurring in but a single small area, and having a 
maximum thickness of not more than 50 feet. It consists of 
soil sands, with occasional intercalations of flaggy limestone. 
Though of small extent and thickness, the Coralline Crag is of 
importance from the number of fossils which it contains. The 
Dame " Coralline " is a misnomer ; since there are few true 
Corals, and the so-called " Corals " of the formation are really 
Pi'lysoa, often of very singular forms. The shells of the Coral- 
line Crag are mostly such as inhabit the seas of temperate 
regions ; but there occur some forms usually looked upon as 
indicating a warm climate. 

The Uppur or Hfd Crag of Suffolk— like the Coralline Crag 
— has a limited geographical e.xtent and a small thickness, 
rarely exceeding 40 feet. It consists of quartzose sands, usu- 
ally deep red or brown in colour, and charged with numerous 
fossils. 

Altogether more than 200 species of shells are known from 
the Red Crag, of which 60 per cent are referable to existing 
species. The shells indicate, upon the whole, a temperate of 
even cold climate, decidedly less warm than that indicated by 
the organic remains of the Coralline Crag. It appears, there- 
fore, that a gradual refrigeration was going on during the 
Pliocene period, commencing in the Coralline Crag, becoming 
intensified in the Red Crag, being still more severe in the 
Norwich Crag, and finally culminating in the Arctic cold of the 
Glacial period. 

Besides the MoUusca, the Red Crag contains the ear-bones 
of Whales, the teeth of Sharks and Rays, and remains of the 
Mastodon, Rhinoceros, and Tapir, 

The Newer Pliocene deposits are represented in Britain by 
the Norwich Crag, a local formation occurring near NorH'ich. 
It consists of incoherent sands, loams, and gravels, resting in 
detached patches, from 3 to 20 feet in thickness, upon an 
eroded surface of Chalk. The Norwich Crag contains a mix- 
ture of marine, land, and fresh-water shells, with remains of 
fishes and bones of mammals ; so that it must have been de- 
posited as a local sea-deposit near the mouth of an ancient 
river. It contains altogether more than 100 marine shells, 
of which 89 per cent belong to existing species. Of the 
Mammals, the two most important are an Elephant {EUphas 
meridionalis), and the characteristic Pliocene Mastodon {M. 



f 



hich is liitherlo the only Mastodon found in 

tain. 

According to the most recent views of high authorities, 
certain deposits— such as the so-called " Bridlington Crag " of 
Yorkshire, and the " Ciiillesford beds " of Suffolk — are to be 
also included in the Newer Pliocene, upon the ground that 
they contain a small proportion of extinct shells. Our know- 
ledge, however, of the existing MoUuscan fauna, is still so far 
incomplete, that it may reasonably be doubted if these sup- 
posed extinct forms have actually made their final disappear- 
ance, whilst the strata in question have a strong natural con- 
nection with the " Glacial deposits," as shown by the number 
of Arctic MoUusca which they contain. Here, therefore, these 
beds will be included in the Post-Pliocene series, in spite of 
_^e fact that some of their species of shells are not known to 
the present day. 

The following are the more important Pliocene deposits 
which have been hitherto recognised out of Britain : — 

1. In the neighbourhood of Antwerp occur certain " crags," 
which are the equivalent of the White and Red Crag in part. 
The lowest of these contains less than 50 per cent, and the 
highest 60 per cent, of existing species of shells, the remainder 
being extinct. 

2. Bordering ihe chain of the Apennines, in Italy, on both 
sides is a series of low hills made up of Tertiary strata, which 
are known as the Sub-Apennine beds. Part of these is of 
Miocene age, part is Older Pliocene, and a portion is Newer 
Pliocene. The Older Pliocene portion of the Sub-Apennines 
consists of blue or brown marls, which sometimes attain a 
thickness of 2000 feet. 

3. In the valley of the Arno, above Florence, are both 
Older and Newer Pliocene strata. The former consist of blue 
clays and lignites, with an abundance of plants. The latter 
consist of sands and conglomerates, with remains of large Car- 
nivorous Mammals, Mastodon, Elephant, Rhinoceros, Hippo- 
potamus, &c. 

4. In Sicily, Newer Pliocene strata are probably more largely 
developed than anywhere else in the world, rising sometimes 
to a height of 3000 feet above the sea. The series consists 
of clays, marls, sands, and conglomerates, capped by a com- 
pact limestone, which attains a thickness of from 700 to 800 
feet. The fossils of these beds belong almost entirely to living 
species, one of the commonest being the Great Scallop of the 
JAediterranean (Pecien Jacobaus). 

Occupying an extensive area round the Caspian, Aral, 



and Azof Seas, are Pliocene deposits known as the " Aralo- 
Caspian" beda The fossils in these beds are partly fresh- 
water, partly marine, and partly intermediate in character, and 
they are in great part identical with species now inhabiting 
the Caspian. The entire formation appears to indicate the 
former existence of a great sheet of brackish water, forming an 
inland sea, like the Caspian, but as large as, or larger than, the 
Mediterranean, 

6. In the United Slates, strata of Pliocene age are found in 
North and South Carolina. They consist of sands and clays, 
with numerous fossils, chiefly Molluscs and Echinoderms, 
From 40 to 60 per cent of the fossils belong to existing 
species. On the Loup Fork of the river Platte, in the Upper 
Missouri region, are strata which are also believed to be refer- 
able to the Pliocene period, and probably to its upper division. 
They are from 300 to 400 feet thick, and contain land-shells, 
with the bones of numerous Mammals, such as Camels, Rhino- 
ceroses, Mastodons, Elephants, the Horse, Stag, &c 

As regards the life of the Pliocene period, there are only 
two classes of organisms to which our attention need be 
directed — namely, the Shell-fish and the Mammals. So far as 
the former are concerned, we liave to note in the first place 
thai the introduction of new species of animals upon the globe 
went on rapidly during this period. In the Older Pliocene 
deposits, the number of sheUs of existing species is only from 
40 to 60 per cent; but in the Newer Pliocene the pro- 
portion of living forms rises to as much as from 80 to 
95 per cent. Whilst the Molluscs thus become rapidly mo- 
dernised, the Mammals still all belong to extinct species, 
though modem generic types gradually supersede the more 
antiquated forms of the Miocene. In the second place, there 
is good evidence to show that the Pliocene period was one in 
which the climate of the northern hemisphere underwent a 
gradual refrigeration. In the Miocene period, there is evi- 
dence to show that Europe possessed a climate very similar 
to that now enjoyed by the Southern United States, and cer- 
tainly very much warmer than it is at present The presence 
of Palm-trees upon the land, and of numerous large Cowries, 
Cones, and other shells nf warm regions in the sea, sufficiently 
proves this. In the Older Pliocene deposits, on the other 
hand, northern forms predominate amongst the Shells, though 
some of the types of hotter regions still survive. In the Newer 
Pliocene, again, the Molluscs are such as almost exclusively 
inhabit the seas of temperate or even cold regions; whilst if 
we regard deposits like the " Bridlington Crag " an_dl'" Chilles- 
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fed beds " as truly referable to this period, we meet at the 
Sose of this period with shells such as nowadays are distinct- 
'Ively characteristic of high latitudes. It might be thought 
that the occurrence of Quadrupeds such as the Elephant, 
Rhinoceros, and Hippopotamus, would militate against this 
generalisation, and would rather support the view that the 
climate of Europe and the United States must have been a 
hot one during the later portion of the Pliocene period. We 
have, however, reason to believe that many of these extinct 
Mammals were more abundantly futnisheti with hair, and more 
adapted to withstand a cool temperaliire, than any of their 
living congeners. We have also to recollect that many of 
these large herbivorous quadrupeds may have been, and 
indeed probably were, more or less migratory in their habits ; 
and that whilst the winters of the later portion of the Pliocene 
period were cold, the summers might have been very hot. 
This would allow of a northward migration of such terrestrial 
animals during the summer-time, when there would be an 
ample supply of food and a suitably high temperature, and a 
southward recession towards the approach of winter. 

The chief palieontological interests of the Pliocene deposits, 
as of the succeeding Post- Pliocene, centre round the Mammals 
of the period ; and amongst the many foims of these we may 
restrict our attention to the orders of the Hoofed Quadrupeds 
{Ungulates), the Proboscideans, the Cariiivora, and the Quad- 
rumana. Almost all the other Mammalian orders are more 
or less fully represented in Pliocene times, but none of them 
attains any special interest till we enterupon the Post-Pliocene. 

Amongst the Odd-toed Ungulates, in addition to the remains 
of true Tapirs (Tapirus Arvemcnsis\ we meet with the bones 
of several species of Rhinoceros, of which the Rhinoceros Etrus- 
cus and H. megarhinus {fig. 249) are the most important. The 
former of these {fig. 249, A) derives its specific name from its 
abundance in the Phocene deposits of the Val d'Amo, near 
Florence, and though principally Pliocene in its distribution, 
it survived into the earlier portion of the Post-Pliocene period. 
Rhinoceros Etruscus agreed with the existing African forms in 
having two horns placed one behind the other, the front one 
being the longest ; but it was comparatively slight and slender 
in ite build, whilst the nostrils were separated by an incom- 
plete bony partition. In the Rhinoceros megarhinus (fig. 249, 
B), on the other hand, no such partition exists between the 
jiostrils, and the nasal bones are greatly developed in size. It 

£ a two-horned form, and is found associated with Elepkas 

fridiofutlis and E. antiquus in the Pliocene deposits of (.Kt 




America, by the three-toed Hipparions, which survive from the 
Miocene, but are now verging upon extinction. For the first 
time, also, we meet with genuine Horses (Equus), in wliich 
each foot is provided with a single complete toe only, encased 
in a single bro.id hoof. One of the American species of this 
period (the Erfiius excdsiis) quite equalled the modem Horse 
in stature ; and it is interesting to note the occurrence of indi- 
genous horses in America at such a comparatively late geo- 
logical epoch, seeinft that this continent certainly possessed i 
none of these animals when first discovered by the Spaniards 
Amongst the Even-toed Ungulates, we may note the occi:^ 
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jnce of Swine (Suiiia), of forms allied to the Camels {Camel- 
fe), and of various kinds of Deer (Cervtdts); but the most 
interesting Pliocene Mammal belonging to this section is the 
great Hippopoiatnus major of Britain and Europe. This well- 
known species is very closely allied to the living Hippopotamus 
amphibius of Africa, from which it is separated only by its 
larger dimensions^ and by certain points connected with the 
conformation of the skeleton. It is found very abundantly in 
the Pliocene deposits of Italy and France, associated with the 
remains of the Elephant, Mastodon, and Rhinoceros, and it 
survived into the earlier portion of the Post-Pliocene period. 
During this last-mentioned period, it extended its range north- 
wards, and is found associated with the Reindeer, the Bison, 
and other northern animals. From this fact it has been infer- 
red, with great probability, that the Hippopotamus major was 
furnished with a long coat of hair and fur, thus differing from 
its nearly hairless modem representative, and resembling its 
associates, the Mammoth and the Woolly Rhinoceros. 

Passing on to the Pliocene Proboscideans, we find that the 
great Ddiiotkeria of the Miocene have now wholly disappeared, 
and the sole representatives of the order are Mastodons and 
Elephants. The most important member of the former group 
is the Mastodon Arvernensti (fig. 250), which ranged widely 



over Southern Europe and England, being generally associated 
with remains of the Ekplias ineridionalis, E. antiquus. Rhino- 
ceros mrgar/iinus, and Hippopotamus major. Tlie lower jaw 
seems to have been destitute of incisor teeth; but the upper 
incisors are developed into great tusks, which sometimes reach. 




Southern Europe and England, and also survived into the 
earlier portion of the Post-Pliocene period. Its molar teeth 
are of the type of those of the existing African Elephant, the 
spaces enclosed by the transverse enamel-plates being more 
or less lozenge-shaped, whilst the curvature of the tusks is 
simple. The Ekphas anliguus (fig. 252} is very generally 




associated with the preceding, and it survived to an even 
later stage of the Post-PiJocene period. The molar teeth are 
of the type of the existing Indian Elephant, with compara- 
tively thin en am el- ridges, placed closer togetlier than in the 
African type ; whilst the tusks were nearly straight 

Amongst the Pliocene Carnivores, we meet with true Bears 
( Ursvs Arvernensis), Hyffinas (such as Hyana Hipparionum), 
and genuine Lions {such as the Fdis angustus of North 
Amenca) ; hut the most remarkable of the beasts of prey of 
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this period is the great " Sabre-toothed Tiger" {Mcuhairodus), 
species of which existed in the earher Miocene, and survived 
to the later Post- Pliocene. In this remarkable form we are 
presented with perhaps the most highly carnivorous type of 
all known beasts of prey. Not only aie the jaws shorter in 
proportion even than ihose of the great Cats of the present 
day, but the canine teeth (fig. 253) are of enormous size, 




greatly flattened so as to a.ssume the form of a poignard, and 
having their margins finely serrated. Apart from the charac- 
ters of the skill!, the remainder of the skeleton, so far as known, 
exhibits proofs that the Sabre - toothed Tiger was extraordi- 
narily muscular and powerful, and in the highest degree adapt- 
ed for a life of rapine. Species of Machairodus must have 
been as large as the existing I^ion ; and the genus is not only 
European, but is represented both in South America and in 
India, so that the geographical range of these predaceous 
beasts must have been very extensive. 

Lastly, we may note that the Pliocene deposits of Europe 
have yielded the remains of Monkeys (Quadrumana), alUed to 
the existing Semnopitheci and Macaques. 
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Later than any of the Tertiary fomiations are various de- 
tached and more or less superficial accumulations, which are 
generally spoken of as the Post-Tirtiary formations, in accord- 
ance with the nomenclature of Sir Charles Lyell— or as the 
Quaternary formations, in accordance with the general usage 
of Continental geologists. In all these formations we meet 
with no Mollusca except such as are now alive— with the 
partial and very limited exception of some of the oldest de- 
posits of this period, in which a few of 1iie shells occasionally 
belong to species not known to be in existence at the pre- 
sent day. Whilst the Shellfish of the Quaternary deposits are, 
generally speaking, identical with existing forms, the Mammals 
are sometimes referable to living, sometimes to extinct species. 
In accordance with this, the Quaternary formations are divided 
into two groups: (i) The Post-Pliocene, in which the shells are 
almost invariably referable to existing species, but some of thf 
Mammals are extinct ; and (2) the Recent, in which the shells 
and the Mammals alike belimg to eTdsting species. The /!?J/- 
/■/(iwfw deposits are often spoken of as 'Cac Pleistocene forma- 
tions (Gr. pleistos, most ; kainos, new or recent), in allusion to 
the fact that the great majority of the living beings of this 
period belong to the species characteristic of the " new " or 
Recent period. 

The Recent deposits, though of the highest possible interest, 
do not properly concern the palaeontologist strictly so-called, 
but the zoologist, since they contain the remains of none but 
existing animals. They are " Pre-historic," but they belong 
entirely to the existing terrestrial order. The Post- Pliocene 
deposits, on the other hand, contain the remains of various 
extinct Mammals ; and though Man undoubtedly existed in, 
at any rate, the later portion of this period, if not through- 
out the whole of it, they properly form part of the domain of 
the paleontologist. 

The Post-Pliocene deposits are extremely vaijed, and very 
widely distributed ; and owing to the mode of their occurrence, 
the ordinary geological tests of age are in their case but very 
partially available. The subject of the classification of these 
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deposits is therefore an ertremely coraplieated one ; and as 
regards the age of even some of the most important of them, 
there still exists considerable difference of opinion. For our 
present purpose, it will be convenient to adopt a classifica- 
tion of the Post-Pliocene deposits founded on the relations 
which they bear in time to the great " Ice-age " or " Glacial 
period;" though it is not pretended that our present know- 
ledge is sufficient to render such a classification more than a 
provisional one. 

In Che early Tertiary period, as we have seen, the climate of 
the northern hemispliere, as shown by the Eocene animals and 
plants, was very much hotter than it is at present — partaking, 
indeed, of a sub-tropical character. In the Middle Tertiary or 
Miocene period, the temperature, though not so high, was still 
much warmer than that now enjoyed by the northern hemi- 
sphere j and we know that the plants of temperate regions at 
this time flourished within the Arctic circle. In the later 
Tertiary or Pliocene period, again, there is evidence that the 
northern hemisphere underwent a further progressive diminu- 
tion of temperature ; though the climate of Europe generally 
seems at the close of the Tertiary period to have been if any- 
thing warmer, or at any rate not colder, than it is at the present 
day. With the commencement of the Quaternary period, 
however, this diminution of temperature became more de- 
cided; and beginning with a temperate climate, we find the 
greater portion of the northern hemisphere to become gradu- 
ally subjected to all the rigours of intense Arctic cold. All 
the mountainous regions of Northern and Central Europe, of 
Britain, and of North America, became the nurseries of huge 
fee-streams, and large areas of the land appear to have been 
covered with a continuous ice-sheet. The Arcticcondirions of 
this, the well-known "Glacial period," relaxeii more than once, 
and were more than once re-established with lesser intensity. 
Finally, a gradual but steadily progressive amelioration of tem- 
perature took place ; the ice slowly gave way, and ultimately 
disappeared altogether; and the climate once more became 
temperate, except in high northern latitudes. 

The changes of temperature sketched out above took place 
alowly and gradually, and occupied the whole of the PosC- 
Pliocene period. In each of the three periods marked out by 
these changes — in the eariy temperate, the central cold, and 
the later temperate period— certain deposits were laid down 
over the surface of the northern hemisphere; and these de- 

isits collectively constitute the Post-Pliocene formations. 

[ence we may conveniently classify all the accumula.UQB& cA 
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this age under the heads of (i) Prr-G/airia/ deposits, (a) Glacial 
deposits, and (3) Post-Giaciai deposits, according as they were 
formed before, during, or after the "Glacial period." It can- 
not by any means be asserted that we can definitely fix the 
precise relations in time of all the Post-Pliocene deposits to the 
Glacial period. On the contrary, there are some which hold a 
very disputed position as regards this point ; and there are 
others which do not admit of definite allocation in this manner 
at alt, in consequence of iheir occurrence in regions where no 
"Glacial Period" is known to have been established. For 
our present purpose, however, dealing as we shall have to do 
principally with the northern hemisphere, the above classifi- 
cation, with all its defects, has greater advantages than any 
other that has been yet proposed. 

I. Pre-Glacial Deposits.— The chief pre- glacial deposit of 
Britain is found on the Norfolk coast, reposing upon the Newer 
Pliocene (Norwich Crag), and consists of an ancient land-sur- 
face which is known as the " Cromer Forest-bed." 

This consists of an ancient soil, having embedded in it the 
stumps of many trees, still in an erect position, with remains 
of living plants, and the bones of recent and extinct quadru- 
peds. It is overlaid by fresh-water and marine beds, all the 
shells of which belong to existing species, and it is finally sur- 
mounted by true "glacial drift," While all the shells and 
plants of the Cromer Forest-bed and its associated strata belong 
to existing species, the Mammals are partly living, partly ex- 
tinct Thus we find the existing Wolf {Canis lupus), Red 
Deer (Cirrus claphus). Roebuck {Cirrus aipreolus). Mole 
(Tttlpa Europcea), and Beaver {Castor fiber), living in western 
England side by side with the Hippopotamus major, Elephas 
antiquus, Elephas meridionalis. Rhinoceros Etruscus, and R. 
iiugarhinus of the Pliocene period, which are not only extinct, 
but imply an at any rate moderately warm climate. Besides 
the above, the Forest-bed has yielded the remains of several 
extinct species of Deer, of the great extinct Beaver {Trogon- 
therium Cuvieri), of the Caledonian Bull or " Urus " {Bos 
Primigenius), and of a Horse (Eguus fossilis), littie if at all 
distinguishable from the existing form. 

The so-called " Bridlington Crag " of Yorkshire, and the 
" Chillesford Beds " of Suffolk, are probably to be regarded as 
also belonging to this period; though many of the shells which 
they contain are of an Arctic character, and would indicate 
that they were deposited in the commencement of the Glacial 
period itself. Owing, however, to the fact that a few of the 
shells of these deposits are not known to occur in a living con- 
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rdition, these, and some other similar accumulations, are some- 
"times considered as referable to the Pliocene period. 

II. Glacial Deposits. — Under this head is included a 
great series of deposits which are widely spread over both 
Europe and America, and which were formed at a time when 
e climate of these countries was very much colder than it is 
at present, and approached more or less closely to what we see 
fat the present day in the Arctic regions. These deposits are 
K known by the genera! name of the Glacial deposits, or by the 
I more specialised names of the Drift, the Northern Drift, the 
I Boulder-clay, the Till, &c 

These glacial deposits are found in Britain as far south as 
' the Thames, over the whole of Northern Europe, in all the 
more elevated portions of Southern and Central Europe, and 
over the whole of North America, as far south as the 39th 
parallel. They generally occur as sands, clays, and gravels, 
spread in widely-extended sheets over all the geological forma- 

»tions ahke, except the most recent, and are commonly spoken 
of under the general term of " Glacial drift." They vary much 
in their exact nature in different districts, but they universally 
consist of one, or all, of the following members ; — 
I. Unstratified d\3.y%, or loams, containing numerous angular 
or sub-angular blocks of stone, which have often been trans- 
ported for a greater or less distance from their parent rock, 
and which often exhibit polished, grooved, or striated surfaces. 
These beds are what is called Boulder-clay, or Till. 

2. Sands, gravels, and clays, often more or less regularly 
strati^, but containing erratic blocks, often of lat^e size, and 
with their edges unictom, derived from considerable distances 
from the place where they are now found. In these beds it is 

"not at all uncommon to find fossil shells; and these, though of 
existing species, are generally of an Arctic character, compris- 
ing a greater or less number of forms wiiich are now exclusively 
found in the icy waters of the Arctic seas. These beds are 
often spoken of as " Stratified Drift." 

3. Stratified sands and gravels, in which the pebbles are 
warn and rounded, and which have been produced by a re- 
arrangement of ordinary glacial beds by the sea. These beds 
are commonly known as " Drift-gravels," or " Regenerated 
Drift." 

Some of the last-mentioned of these are doubtless post- 
glacial ; but, in the absence of fossils, it is often impossible to 
arrive at a positive opinion as to the precise age of superficial 
1 accumulations of this nature. It is also the opinion of high 
I authorities that a considerable number of the so-called " cave- 



deposits," with the bones of extinct Mammals, truly belong to 
the Glacial period, being formed during warm intervals when 
the severity of the Arctic cold had become relaxed. It is 
further believed that some, at any rate, of the so-called " high- 
level" rii-er-gravels and "brick-earths" have likewise been 
deposited during mild or warm intervals in the great age of 
ice; and in two or three instances this has apparently been 
demonstrated — deposits of this nature, with the bones of ex- 
tinct animals and the implements of man, having been shown 
to be overlaid by true Boulder-clay. 

The fossils of the undoubted Glacial deposits are principally 
shells, which are found in great numbers in certain localities, 
sometimes with Foramintfa-a, the bivalved cases of Ostracode 
Crustaceans, &c. Whilst some of the shells of the " Drift" 
are such as now live in the seas of temperate regions, others, 
as previously remarked, are such as are now only known to 
live in the seas of high latitudes ; and these therefore afford 
unquestionable evidence of cold conditions. Amongst these 
Arctic forms of shells which characterise the Glacial beds 
may be mentioned Pecten Islandkus (fig. 254), Puien Gmn- 




Imidinis, Scalaria Grmnlandica, Lata truncata, Aslarte boreaUs, 
Tellmaproxitna, NatUa clausa. Sec 

III. Post-Glac[al Deposits. — As the intense cold of the 
GJacial period became gradually mitigated, and temperate 
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f 'conditions of climate were once more re-establish erl, various 
r deposits were formed in the northern hemisphere, which are 
found to contain the remains of extinct Mammals, and which, 
therefore, are clearly of Post- Pliocene age. To these deposits 
the general name of Post -Glacial formations is given ; but it is 
obvious that, from the nature of the case, and with our present 
limited knowledge, we cannot draw a rigid line of demarcation 
between the deposits formed towards the close of the Glacial 
period, or during warm " interglacial " periods, and those laid 
down after the ice had fairly disappeared. Indeed it is en- 
treraely improbable that any such rigid line of demarcation 
should ever have existed ; and it is far more likely that the 
Glacial and Post-Glacial periods, and their corresponding de- 
posits, shade into one another by an imperceptible gradation. 
Accepting this reservation, we may group together, under the 
general head of " Post-Glacial Deposits," most of the so-called 
" Valley - gravels," " Brick - earths," and " Cave -deposits," to- 
gether with some "raided beaches" and various deposits of 
peat. Though not strictly within the compass of this work, 
a few words may be said here as to the origin and mode 
of formation of the Brick-earths, Valley-gravels, and Cave- 
deposits, as the subject will thus be rendered more dearly 
intelligible. 

Every river produces at the present day beds of fine mud 

and loam, and accumulations of gravel, which it deposits at 

various parts of its course — the gravel generally occupying the 

lowest position, and the finer sands and mud coming above. 

Numerous deposits of a similar nature are found in most 

countries in various localities, and at various heights above 

the present channels of our rivers. Many of these fluviatile 

(L.3.t. Jlut'iTts, a river) deposits consist of fine loam, worked for 

brick-making, and known as " Brick-earths ;" and they have 

yielded the remains of numerous extinct Mammals, of which 

the Mammoth {Ekphas primigeniits) is the most abundant. 

In the valley of the Rhine these fiuviatile loams (known as 

" Loess") attain a thickness of several hundred feet, and con- 

k tain land and fresh-water shells of existing species. With 

I these occur the remains of Mammals, such as the Mammoth 

L and Woolly Rhinoceros. Many of these Brick - earths are 

I undoubtedly Post-Giacial, but others seem to be clearly "inter- 

l glacial ; " and instances have recently been brought forward in 

■ which deposits of Brick-earth containing bones and shells of 
\ fresh-water Molluscs have been found to be overlaid by regu- 

■ Jai unstratified boulder-clay. 

The so-called "Valley-gravels," like the Brick-earths, are 
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fluviatile deposits, but are of a coarser nature, consisting of 
sands and gravels. Every river gives origin to deposits of 
this kind at different points along the course of its valley ; 
and it is not uncommon to find that there exist in the valley 
of a single river two or more sets of these gravel-beds, formed 
by the river itself, but tormed at times when the river ran 
at different levels, and therefore formed at different periods. 
These different accumulations are known as the " high-level " 
and "low-level" gravels; and a reference to the accompany- 
ing diagram will explain the origin and nature of these de- 
posits (fig. 2S5)- When a river begins to occupy a particular 
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line of drainage, and to form its own ch;innel, it will deposit 
fluviatile sands and gravels along its sides. As it goes on 
deepening the bed or valley through which it flows, it will 
deposit other fluviatile strata at a lower level beside its new 
bed. In this way have arisen the terms " high-level " and 
" low-level " gravels. We find, for instance, a modem river 
flowing through a valley which it has to a great extent or 
entirely formed itself; by the side of its immediate channel 
we may find gravels, sand, and loam (fig. 255, 3 z') deposited 
by the river flowing in its present bed. These are recatt 
fluviatile or alluvial deposits. At some distance from the 
present bed of the river, and at a higher level, we may find 
other sands and gravels, quite like the recent ones in charac- 
ter and origin, but formed at a time when the stream flowed 
at a higher level, and before it had excavated its valley to its 
present depth. These (fig. 255, 3 3') are the. so-called " /ow- 
/^'rf gravels" of a river. At a still higher level, and still 
farther removed from the present bed of the river, we may 
find another terrace, composed of just the same materials as 
the lower one, but formed at a still earlier period, when the 
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ravation of the valley had proceeded to a much less extent, 
"hese (fig. 255, 44') are the so-called "^ high-level gravels" 
of a river, and there may be one or more terraces of these. 

The important fact to remember about these fluviatile de- 
posits is this — that here the ordinary geological rule is reversed. 
The high-level gravels are, of course, the highest, so* far as 
their actual elevation above the sea is concerned ; but geo- 
logically the lowest, since they are obviously much older than 
the low-level gravels, as these are than the recent gravels. 
How much older the high-level gravels may be than the low- 
level ones, it is impossible to say. They occur at heights 
varying from 10 to 100 feet above the present river-chan 
nels, and they are therefore older than the recent gravels 
by the time required by the river to dig out its own bed to 
this depth. How long this period may be, our data do not 
enable us to determine accurately; but if we are to calculate 
from the observed rate of erosion of the actually existing 
rivers, the period between the different valley -gravels must 
be a very long one. 

The lowest or recent fluviatile deposits which occur beside 
the bed of the present river, are referable to the Recent period, 
as they contain the remains of none but living Mammals. The 
two other sets of gravels are Post- Pliocene, as they contain 
the bones of extinct Mammals, mixed with land and fresh- 
water shells of existing species. Among the more important 
extinct Mammals of the low-level and high-level valley-gravels 
may be mentioned the Elephas antiqiius, die Mammoth {EU- 
phas primigenius), the Woolly Rhinoceros {R. tichorhinus), the 
Hippopotamus, the Cave-lion, and the Cave-bear, Along 
with these are found unquestionable traces of the existence 
of Man, in the form of rude flint implements of undoubted 
human workmanship. 

The so-called " Cave - deposits," again, though exhibiting 
peculiarities d\ie to the fact of their occurrence in caverns or 
fissures in the rocks, are in many respects essentially similar 
to the older valley-gravels. Caves, in the great majority of 
instances, occur in limestone. When this is not the case, it 
will generally be found that they occur along lines of sea-coast, 
or along lines which can be shown to have anciently formed 
the coast-line. There are many caves, however, in the making 
of which it can bo shown that the sea has had no hand; and 
these are most of the caves of limestone districts. These owe 
their origin to the solvent action upon hme of water holding 
carbonic acid in solution. The rain which falls upon a lime- 
stone district absorbs a certain amount of carbonic acid from 
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the air, or from the soil. It then percolates through the rock, 
generall)' along the lines of jointing so characteristic of lime- 
stones, and in its progress it dissolves and carries off a certain 
quantity of carbonate of lime. In this way. the natural joints 
and fissures in the rock are widened, as can be seen at the 
present day in any or all limestone districts. By a continu- 
ance of this action for a sufficient length of lime, caves may 
ultimately be produced. Nothing, also, is commoner in a 
limestone district than for the natural drainage to take the 
line of some fissure, dissolving the rock in its course. In this 
way we constantly meet in limestone districts with springs 
issuing from the limestone rock^sometimes as lai^e rivers — 
the waters of which are charged with carbonate of lime, ob- 
tained by the solution of the sides of the fissure through which 
the waters have flowed. By these and similar actions, every 
district in which limestones are extensively developed will be 
found to exhibit a number of natural caves, rents, or fissures. 
The first element, therefore, in the production of cave-deposits, 
is the existence of a period in whicli limestone rocks were 
laJ^ely dissolved, and caves were formed in consequence of 
the then existing drainage taking the line of some fissure. 

Secondly, there must have been a period in which various 
deposits were accumulated in the caves thus formed. These 
cavern -deposits are of very various nature, consisting of mud, 
loam, gravel, or breccias of different kinds. In all cases, these 
materials have been introduced into the cave at some period 
subsequent to, or contemporaneous with, the formation of the 
cave. Sometimes the cave communicates with the surface by 
a fissure through which sand, gravel, &c, may be washed by 
rains or by floods from some neighbouring river. Sometimes 
the cave has been the bed of an ancient stream, and the de- 
posits have been formed as are fluviatile deposits at the surface. 
Or, again, the river has formerly flowed at a greater elevation 
than it does at present, and the cave has been filled with 
fluviatile deposits by the river at a time prior to the excava- 
tion of its bed to the present depth (fig. 256). In this last 
case, the cave-deposits obviously bear exactly the same rela- 
tion in point of antiquity to recent deposits, as do the low- 
level and high-level valley-gravels to recent river-gravels. In 
any case, it is necessary for the physical geography of the dis- 
trict to change to some extent, in order that the cave-deposits 
should be preserved. If the materials have been introduced 
by a fissure, the cave will probably become ultimately filled 
to the roof, and the aperture of admission thus blocked up, 
rhas flowed through the cave, the surface configura- 




its channel to such a depth that it can no longer wash out the 
contents of the cave even in high floods. 

If the cave be entirely tilled, the included deposits generally 
get more or less completely cemented together by the percola- 
tion through them of water holding carbonate of lime in solu- 
tion. If the cave is only partially filled, the dropping of water 
from the roof holding lime in solution, and its subsequent 
evaporation, would lead to the formation over the deposits 
below of alayer of stalagmite, perhaps several inches, or even 
feet, in thickness. In this way cave- deposits, with their con- 
tained remains, may be hermetically sealed up and preserved 
without injury for an altogether indefinite period of time. 

In all caves in Umestone in which deposits containing bones 
are found, we have then evidence of three principal sets of 
changes, (i.) A period during which the cave was slowly 
hollowed out by the percolation of acidulated water; (2.) A 
period in which the cave became the channel of an engulfed 
river, or otherwise came to form part of the general drainage- 
system of the district; {3.) A period in which the cave was 
inhabited by various animals. 

As a typical example of a cave with fossihferous Post- 
Pliocene deposits, we may take Kent's Cavero, near Torquay, 
in which a. systematic and careful examination has revealed the 
following sequence of accumulations in descending order :-— 

(a) Large blocks of limestone, which lie on the floor of ihe 
cave, having fallen from the roof, and which are sometimes 
cemented together by stalagmite. 

(d) A layer of black mould, from three to twelve inches 
thick, with human bones, fragments of pottery, stone and 



bronze implements, and the bones of animals now living in 
Britain. This, therefore, is a recent deposit. 

(f) A layer of stalagmite, from sixteen to twenty inches 
thick, but sometimes as much as five feet, containing the bones 
of Man, togelliet with those of extinct Post-Piiocene Mammals. 

{il) A bed of red cave-eanh, sometimes four feet in thiclt- 
ness, with numerous bones of extinct Mammals (Mammoth. 
Cave-bear, &c), together with human implements of tlint and 
horn. 

{e) A second bed of stalagmite, in places twelve feet in 
thickness, with bones of the Cave-bear. 

{/) A red loam and cave-breccia, with remains of the Cave- 
bear and human implements. 

The most important Mammals which are found in cave- 
deposits in Europe generally, are the Cave-bear, the Cave-lion, 
the Cave-hysena, the Reindeer, the Musk-ox, the Glutton, and 
the Lemming — of which the first three are probably identical 
with existing forms, and the remainder are certainly so — -to- 
gether with the Mammoth and the Woolly Rhinoceros, which 
are undoubtedly extinct. Along with these are found the 
implements, and in some cases the bones, of Man himself, in 
such a manner as to render it absolutely certain that an early 
race of men was truly contemporaneous in Western Europe 
with the animals above mentioned. 

IV. Unclassified Post-Pliocene Deposits.— Apart from 
any of the afore-mentioned deposits, there occur other accumu- 
lations — sometimes superficial, sometimes in caves — ^which are 
found in regions where a " Glacial period " has not been fully 
demonstrated, or where such did not take place ; and which, 
therefore, are not amenable to the above classification. The 
most important of these are known to occur in South America 
and Australia; and though their numerous extinct Mammalia 
place their reference to the Post-Pliocene period beyond 
doubt, their relations to the glacial period and its deposits in 
the northern hemisphere have not been precisely determined. 



CHAPTER XXII. 

THE POST-PLIOCENE PEEIOD— Continued. 



As regards the life of the Post-Pliocene period, we have, 
the first place, to notice the effect produced throughout the 
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northern hemisphere by the gradual supervention of the Glacial 
period. Previous to this the climate must have been temper- 
ate or warm-temperate ; but as the cold gradually came on, 
two results were produced as regards the living beings of the 
area tlius afTecled. In the first place, all those Mammals 
which, like the Mammoth, the Woolly Rhinoceros, the Lion, 
the Hjtsena, and the Hippopotamus, require, at any rate, mode- 
rately warm conditions, would be forced to migrate southwards 
to regions not affected by the new state of things. In the 
second place. Mammals previously inhabiting higher latitudes, 
such as the Reindeer, the Musk-ox, and the Lemming, would 
be enabled by the increasing coid lo migrate southwards, and 
to invade provinces previously occupied by the Elephant and 
the Rhinoceros. A precisely similar, but more slowly-executed 
process, must have taken place in the sea, the northern Melius- 
ca moving southwards as the arctic conditions of the Glacial 
period became established, whilst the forms proper lo temperate 
seas receded. As regards the readily locomotive Mammals, 
also, it is probable that this process was carried on repeatedly 
in a partial manner, the southern and northern forms alternately 
fluctuating backwards and forwards over the same area, in ac- 
cordance with the fluctuations of temperature which have been 
shown by Mr James Geiicie to have characterised the Glacial 
period as a whole. We can thus readily account for the inter- 
mixture which is sometimes found of northern and southern types 
of Mammalia in the same deposits, or in deposits apparently 
synchronous, and within a single district. Lastly, at the final 
close of the arctic cold of the Glacial period, and the re-estab- 
lishment of temperate conditions over the northern hemisphere, 
a reversal of the original process took place — the northern 
Mammals retiring within their ancient limits, and the southern 
forms pressing northwards and reoccupying their original 
domains. 

The Inverf'irate animals of the Post-Pliocene deposits re- 
quire no further mention — all the known forms, except a few 
of the shells in the lowest beds of the formation, being iden- 
tical with species now in existence upon the globe. The only 
point of importance in this connection has been previously 
noticed— namely, that in the true Glacial deposits themselves 
a considerable number of the shells belong to northern or 
Arctic types. 

As regards the Vertebrate animals of the period, no extinct 
forms of Fishes, Amphibians, or Reptiles are known to occur, 
but we meet with both extinct Birds and extinct Mammals. 
The remains of the former are of great interest, as indicating 



•he existence during Post - Pliocene times, at widely remote 
points of the southern hemisphere, of various wingless, and for 
the most part gigantic, Birds. All the great wingless Rirds of 
the order Cursores which are known as existing at the pres- 
ent day u]>on the globe, are restricted to regions which are 
either wholly or in great part south of the equator. Thus tlie 
true Ostriches are African ; the Rheas are South American ; 
the Emeus are Australian ; the Cassowaries are confined to 
Northern Australia, Papua, and the Indian Archipelago; the 
species of ApUryx are natives of New Zealand ; and the 
Dodo and Solitaire (wingless, though probably not true Ciir- 
soi-es), both of which have been exterminated within histori- 
pal times, were inhabitants of the islands of Mauritius and 
Rodriguez, in the Indian Ocean. In view of these facts, it 
is noteworthy that, so far as known, all the Cursorial Birds 
of the Post-Pliocene period should have been confined to the 
same hemisphere as that inhabited by the living representatives 
of the order- It is still further interesting to notice that the 
extinct forms in question are only found in geographical prov- 
inces which are now, or have been within historical times, inhab- 
ited by similar types. The greater number of the remains of 
these have been discovered in New Zealand, where there now 
live several species of the curious wingless genus ////eryjry and 
they have been referred by Professor Owen to several generic 
groups, of which Dtnornis is the most important (fig. 257). 
Fourteen species of Dinornis have been described by the dis- 
tinguished paleontologist just mentioned, all of them being 
large wingless birds of the type of the existing Ostrich, having 
enormously powerful hind-limbs adapted for running, but with 
the wings wholly rudimentary, and the breast-bone devoid of 
the keel or ridge which characterises this bone in all birds 
which fly. The largest species is the Dtnornis giganteus, one 
of the most gigantic of living or fossil birds, the shank (tibia) 
measuring a yard in length, and the total height being at least 
ten feet. Another species, the Dinomis ekphantepus (fig. 257), 
tliough not standing more than about six feet in height, was 
of an even more ponderous construction — "the framework 
of the skeleton being the most massive of any in the whole 
class of Birds," whilst " the toe-bones almost rival those of the 
Elephant" (Owen). The feet in Dinornis were furnished with 
three toes, and are of interest as presenting us with an un- 
doubted Bird big enough to produce the largest of the foot- 
prints of the Triassic Sandstones of Connecticut. New Zm- 
land has now been so far explored, that it seems question JEHe 
if it can retain in its recesses any living example of XV-at^joiii; 
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but it is certain that species of this genus were alive during the 
human period, and survived up to quite a recent date. Not 
only are tiie bones very numerous in certain locaLties, but 
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but ihat the Moas of New Zealand have been exterminated at 
quite a recent period — perhaps within the last century^by the 
unrelenling pursuit of Man, — a pursuit which their wingless 
condition rendered them unable to evade. 

In Madagascar, bones have been discovered of another huge 
wingless Bird, which must have been as large as, or larger 
than, the Dinornis giganteus, and which has been described 
under the name of ^ptomis maximus. With the bones have 
been found eggs measuring firom thirteen to fourteen inches in 
diameter, and computed to have the capacity of three Ostrich 
eggs. At least two other smaller species of ^/wr»/« have been 
described by Grandidier and Milne-Edwards as occurring in 
Madagascar; and they consider the genus to be so closely allied 
to the Dhiomis of New Zealand, as to prove that these regions, 
now so remote, were at one time united by land. Unlike New 
Zealand, where there is the Apferyx, Madagascar is not known 
to possess any living wingless Birds ; but in the neighbouring 
island of Maiu-itius the wingless Dodo (Didus inepius) has been 
exterminated less than three hundred years ago ; and the little 
island of Rodriguez, in the same geographical province, has in 
a simitar period lost the equally wingless Solitaire {Pezophafs), 
both of these, however, being generally referred to the Rasorts. 
The Mammals of the Post-Pliocene period are so numerous, 
that in spite of the many points of interest which they present, 
only a few of the more important forms can be noticed her^ 
and that but briefly. The first order that claims our attention 
is that of the Marsupials, the headquarters of which at the 
present day is the Australian province. In Oolitic times 
Europe possessed its small Marsupials, and similar forms 
existed in the same area in the Eocene and Miocene periods ; 
but if size be any criterion, the culminating point in the history 
of the order was attained during the Post-Pliocene period in 
Australia. From deposits of 
this age there has been disen- 
tombed a whole series of re- 
mains of extinct, and for the 
most part gigantic, examples 
of this group of Quadrupeds. 
Not to speak of Wombats and 
Phalangers, two forms stand 
out prominently as represen- 
tatives of the Post-Pliocene 
animals of Australia. One of 
presenting, with many differ- 
ences, the well-known modern group of the Kangaroos, 
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its teeth, Diprotodan shows itself to be closely allied to the 
living, grass-eating Kangaroos ; but the hind-limbs were not 
so disproportionately long. In size, also, Dipretodon must 
have many times exceeded the dimensions of the largest of 
its living successors, since the skuil measures no less than 
three feet in length. The other form in question is T/iyiaceleo 
(fig. 259), which is believed by Professor Owen to belong to 
the same group as the evistinf, 'Native Tie\\\" (Dasyurus) oi 
Van Dieraens Land and therefore tohaie been flesh-eating 
and rapacious in its habits, though this view is not accepted 
by Others The principal feature in the skull of Thylacoko is 




I 



the presence, on each side of each jaw, of a single huge tooth, 
which is greatly compressed, and has a cutting edge. This 
tooth is regarded by Owen as corresponding to the great cut- 
ting tooth of the jaw of the typical Carnivores, but Professor 
Flower considers that ThylacoUo is rather related to the Kan- 
garoo-rats. The size of the <yown of the tooth in question is 
not less than two inches and a quarter ; and whether carnivo- 
rous or not, it indicates an animal of a size exceeding that of 
the largest of existing Lions. 

The order of the Edentates, comprising the existing Sloths, 

Ant-eaters, and ArmadUlos, and entirely restricted at the present 

day to South America, Southern Asia, and Africa, is one alike 

24 
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singular for the limited geograpincal range of its members, 
their curious habits of hfe, and the well-marked peculiarities 
of their anatomical structure. South America is the metropo- 
lis of the existing forms; and it is an interesting fact that there 
flourished within Post-Pliocene times in this continent, and to 
some extent in North America also, a marvellous group of ex- 
tinct Edentates, representing the living Sloths and Armadillos, 
but of gigantic size. The most celebrated of these is the huge 
Megatherium Ctfi'ierf (fig. 260) of the South American Pampas. 




Fig. i6o.—Jlfi£a/itrliim Cuvliri. Pasl-Ftiocene. South Anurii 



The Megathere was a colossal Sloth-like animal which attained 
a length of from twelve to eighteen feet, with bones more mas- 
sive than those of the Elephant. Thus the thigh-bone is 
nearly thrice the thickness of the same bone in the largest 
of existing Elephants, its circumference at its narrowest point 
nearly equaUing its total length ; the massive bones of the 
shank (tibia and fibula) are amalgamated at their extremities; 
the heel-bone (calcaneum) is nearly half a yard in length ; the 
haunch-bones (ilia) are from four to five feet across at their 
crests ; and the bodies of the vertebrfe at the root of the tail 
are from five to seven inches in diameter, from which it has 
been computed that the circumference of the tail at this part 
might have been from five to six feet. The length of the fore- 
foot is about a yard, and the toes are armed with powerful 
curved claws. It is known now that the Megathere, in spite 
of its enormous weight and ponderous construction, walked, 
like the existing Ant-eaters and Sloths, upon the outside edge 
of the fore-feet, with the clan's more or less bent inwards 
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towards the palm of the hand. As m the great majority of 
the Edentate order, incisor and canine teeth are entirely 
wanting, the front of the jaws being toothless. The jaws, 
however, are furnished with five upper and four lower molar 
teeth on each side. These grinding teeth are from seven to 
eight inches in length, in the form of four-sided prisms, the 
crowns of which are provided with well-marked transverse 
ridges ; and they continue to grow during the whole life of 
the animal. There are indications that the snout was pro- 
longed, and more or less flexible; and the tongue was proba- 
bly prehensile. From the characters of the molar teeth it 
is certain that the Megathere was purely herbivorous in its 
habits ; and from the enormous size and weight of the body, 
it is equally certain that it could not have imitated its modem 
allies, the Sloths, in the feat of climbing, back downwards, 
amongst the trees. It is clear, therefore, that the Megathere 
sought its sustenance upon the ground ; and it was originally 
supposed to have lived upon roots. By a masterly piece of 
deductive reasoning, however, Professor Owen showed that 
this great " Ground-Sloth " must have truly lived upon the 
jfoliage of trees, like the existing Sloths — but with this differ- 
^ce, that instead of climbing amongst the branches, it actually 
_prooted the tree bodily. In this tour de Joru, the animal 
tat upon its huge haunches and mighty tail, as on a tripod, 
'and then grasping the trunk with its powerful arms, either 
wrenched it up by the roots or broke it short off above the 
ground. Marvellous as this may seem, it can be shown that 
every detail in the skeleton of the Megathere accords with the 
supposition that it obtained its food in this way. Similar 
habits were followed by the allied Mylodon (fig. 261), another 
of the great " Ground-Sloths," which inhabited South America 
during the Post-Pliocene period. In most respects, the Myh>- 
don is very like the Megathere ; but the crowns of the molar 
teeth are flat instead of being ridged. The nearly-related 
genus Megaleuyx, unlike the Megathere, but hke the Mylodon, 
extended its range northwards as far as the United States. 

Just as the Sloths of the present day were formerly repre- 
sented in the same geogra])hical area by the gigantic Megathe- 
roids, so the little banded and cuirassed Armadillos of Soulh 
America were formerly represented by gigantic species, con- 
stituting the genus Glyptodon. The Glyptodotts (fig. a6a) 
differed from the living ArraadiUos in having no bands in 
'^ their armour, so that they must have been unable to roll 
^llhemselves u]i. It is rare at the present day to meet with any 
^^Uxmadillo over two or three feet in length; but the length of 
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the Ghpiodon clavtfia, from the lip of the snout to-the eiK 

the tail, was more tlian nine feet. 

There are no canine or incisor teeth in the GlyptodonA 




re eight molars on each side of each jaw, and the crowns 
e are fluted and almost trilobed. The head is covered 




by a helmet of bony plates, and the trunk was defended by an 
armour of almost hexaLgonal bony pieces united by sutures, and 
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I exhibiting special patterns of sculpturing in each species. The 
tail was also defended by a similar armour, and the vertebrie 
were mostly fused together so as to form a cylindrical bony 
rod. In addition to the above-mentioned forms, a number 
of other Edentate animals have been discovered by the re- 
searches of M. Lund in the Post-Pliocene deposits of the 
Brazilian bone-caves. Amongst these are true Ant-eaters, 
Armadillos, and Sloths, many of them of gigantic size, and all 
specifically or generically distinct from existing forms. 

Passing over the aquatic orders of the Sirem'ans and C^- 
laceans, we come next to the great group of the Hoofed Quad- 
rupeds, the remains of which are very abundant in Post- 
Pliocene deposits both in Europe and North America. 
Amongst the Odd -toed Ungulates the most important are 
the Rhinoceroses, of which three species are known to have 
existed in Europe during the Post-Pliocene period. Two 
of these are the well-known Pliocene forms, the Rhinoceros 
I Etrmcus and the R. megarhinus, still surviving in diminished 
I numbers ; but the most famous is the Rhinoceros tichorhinus 
■ (fig. 263), or so-called " Woolly Rhinoceros." This species 




IS known not onlj by mnumerable bones, but also by a car- 
cass, at the time of its discovery complete, which was found 
embedded in the frozen soil of Siberia tonards the close of 
last century, and which was partly saied from destruction by 
the exertions of the naturalist Pallas From this, we know 
_that the Tichorhine Rhinoceros, like its associate the Mam- 
■as provided with a coating of hair, and therefore was 
tabled to endure a more severe climate tliaa any existing 



species. The skin was not thrown into the folds which char- 
acterise most of the existing fomis ; and the technical name 
of the species refers to the fact that the nostrils were com- 
pletely separjted by a bony partition. The heaii carried two 
horns, placed one behind the other, the front one being un- 
usually large. As regards its geographical range, the Woolly 
Rhinoceros is found in Europe in vast numbers north of the 
Alps and Pyrenees, and it also abounded in Siberia ; so that 
it would appear to be a distinctly northern form, and to have 
been adapted for a temperate climate. It is not known to 
occur in Pliocene deposits, but it makes its jirst appearance 
in the Pre-GIacial deposits, surviving the C!lacial period, and 
being found in abundance in Post-Glacial accumulations. It 
was undoubtedly a contemporary of the earlier races of men 
in Western Europe ; and it may perhaps be regarded as being 
the actual substantial kernel of some of the " Dragons " of 
fable. 

The only other Odd-toed Ungulate which needs notice is 
the so-called Eqiius fossilis <j{ the Post-Pliocene of Europe. 
This made its appearance before the Glacial period, and ap- 
pears to be in reality identical with the existing Horse {Mqum 
caballiis) True Horses also occur in the Post-Pliocene of 
North America ; but, from some cause or another, they must 
have been exterminated before historic times. 

.\mongst the Even-toed Ungulates, the great Hippopotamtn 
major of the Pliocene still continued to exist in Post-Pliocene 
times in Western Europe ; and the existing Wild Boar {Siis 
scrofa), the parent of our domestic breeds of Piga, appeared 
for the first time. The Old World possessed extinct repre- 
sentatives of its existing Camels, and lost types of the living 
l.lamas inhabited South America. Amongst the Deer, the 
Post- Pliocene accumulations have yielded the remains of 
various living species, such as the Red Deer {^Cervus claphiis), 
the Reindeer {Cen>us turandm), the Moose or ilk {Alces 
malchis), and the Roebuck {Cerviis capreolus), together with 
a number of extinct forms. Among the latter, the great 
" Irish Elk" (Cen'us megaceros) is justly celebrated both fw 
ind for the number and excellent preservation of its 
discovered remains. This extinct species (fig. 364) has been 
found principally in peat- mosses and Post-Pliocene lake- 
deposits, and is remarkable for the enormous size of the 
spreading antlers, which are widened out towards their ex- 
tremities, and attain an expanse of over ten feet from tip to 
It is not a genuine Elk, but is intermediate between 
I the Reindeer and the Fallow-deer. Among the existing Deer 
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Northem Europe, and a!so (under the name of the " Caribou") 
in North America. When the cold of tlie Glacial period be- 
came established, this boreal species was enabled to invade 
Central and Western Europe in great herds, and its remains 
are found abundantly in cave-earths and other Post- Pliocene 
deposits as far south as the Pyrenees. 

In addition to the above, the Post-Pliocene deposits of ' 
Europe and North America have yielded the remains of va 
ous Sheep and Oxen. One of the most interesting of the 



latter is the " Urns " or Wild Bull (£os /rrimigertius, &g. 265), 
which, though much larger than any of the existing forms, is 



Fig. 365. —Skull of lh= Urus (I/.-: 
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believed to be specifically undistinguishable from the domes- 
tic Ox (Bos taurus), and to be possibly the ancestor of some 
of the larger European varieties of o\en. In the earlier part 
of its existence the Urus ranged over Europe and Britain in 
company with the Woolly Rhinoceros and the Mammoth ; but 
it long survived these, and does not appear to have been 
finally exterminated tiil about the twelfth century. Another 
remarkable member of the Post-Pliocene Cattle, also to be- 
gin with an associate of the Mammoth and Rhinoceros, is 
the European Bison or " Aurochs " {Bison priscus). This 
" maned " ox formerly abounded in Europe in Post-Glacial 
times, and was not rare even in the later periods of the 
Roman empire, though .nuch diminished in numbers, and 
driven back into the wilder and more inaccessible [larts of the 
country. At present this fine species has been so nearly 
exterminated that it no longer exists in Europe save in 
Lithuania, where its preservation has been secured by rigid 
protective laws. Lastly, the Post -Pliocene deposits have 
yielded the remains of the singular living animal which is 
known as the Musk-ox or Musk-sheep (Oviios mosehatus). 
At the present day, the Musk-ox is an inhabitant of the 
" barren grounds " of Arctic America, and it is remarkable for 
the great length of its hair. It is, like the Reindeer, a dis- 



ictively northern animal ; but it enjoyed during llie Glacial 
jeriod a much wider range than it has at the present day, the 
^nditions suitable for its existence being then extended over 
1 considerable portion of the northern hemisphere. Thus 
Btemains of the Musk-Ox are found in greater or less abun- 
I dance in Post-Pliocene deposits over a great part of Europe, 
extending even to the south of France; and closely -related 
forms are found in similar deposits in the United States. 

Coming to the Proboscideans, we find that the Mastodons 
seem to have disappeared in Europe at the close of the 
Pliocene period, or at the very commencement of the Post- 
Pliocene. In the New World, on the other hand, a species of 
Mastodon (M. Americanus or M, Ohiotiais) is found abun- 
dantly in deposits of Post -Pliocene age, from Canada to 
Texas. Very perfect skeletons of this species have been 
exhumed from morasses and swamps, and krge individuals 
attained a length {exclusive of the tusks) of seventeen feet and 
a height of eleven feet, the tusks being twelve feet in length. 
Remains of EUphaiits are also abundant in the Post-Pliocene 
deposits of both the Old and the New World. Amongst these, 
we find in Europe tlie two familiar Pliocene species E. meri- 
dionalis and E. antiquiu still surviving, but in diminished 
numbers. With these are found in vast abundance the re- 
mains of the characteristic Elephant of the Post-Pliocene, the 
■ well-known " Mammoth " {Elephas primigenivs), which is ac- 
companied in North America by the nearly-allied, but more 
Wuthem species, the Elephas AmerUamts. The Mammoth (fig, 
to66) is considerably larger than the largest of the living Ele- 
ts, the skeleton being over sixteen feet in length, exclusive 
f the tusks, and over nine feet in height. The tusks are bent 
most into a circle, anil are sometimes twelve feet in length, 
' measured along their curvature. In the frozen soil of Siberia 
several carcasses of the Mammoth have been discovered with 
the flesh and skin still attached to the bones, the most cele- 
brated of these being a Mammoth which was discovered at the 
~ 3)eginning of this century at the mouth of the Lena, on the borders 
" jf the Frozen Sea, and the skeleton of which is now preserved 
it St Petersburg (fig. 266). From the occurrence of the remains 
»f the Mammoth in vast numbers in Siberia, it might have been 
Bfely inferred that this ancient Elephant was able to endure a far 
■e rigorous climate than its existing congeners. This inf 
e has, however, been rendered a certainty by the specimens 
t referred to, which show that the Mammoth was protected 
ainst the cold by a thick coat of reddish-brown wool, some 
e or ten inches long, interspersed with strong, coarse black 




The Mammoth was essentially northern in its distribution, 
r passing south of a line drawn through the Pyrenees, ihc 
Alps, the northern sHotcs ot tK& Caspian, Lake Baikal, Kam- 




Glacial period, and is found abundantly in Post Glacial de- 
posits iti France, Germany, Britain, Russia in Europe, Asia, 
and North America, being often associated with the Reindeer, 
Lemming, and Miisk-ox. That it survived into the earlier 
portion of the human period is unquestionable, its remains 
having been found in a great number of instances associated 
with implements of human manufacture ; whilst in one instance 
3, recognisable portrait of it has been discovered, carved on 
bone. 

Amongst other Elephants which occur in Post-Pliocene de- 
posits may be mentioned, as of special interest, the pigmy 
Elephants of Malta. One of these — the EUphas Mditensis, or 
so-called "Donkey- Elephant "—was not more than four and 
a half feet in height The other — the Ekphas Fakontri, of 
Busk— was still smaller, its average height at the withers not 
exceeding two and a half to three feel. 

Whilst herbivorous animals abounded during the Post- 
Pliocene, we have ample evidence of the coexistence with 
them of a number of Carnivorous forms, both in the New and 
the Old World. The Bears are represented in Europe by at 
least three species, two of which — namely, the great Grizzly 
Bear ( Ursus feroji) and the smaller Brown Bear { Ursus ardos) 
— are in existence at the present day. The third speciesis the 




of modem Bears ; and its remains, as its name implies, have 
been found mainly in cavern -deposits. Enormous numbers of 
this large and ferocious species must have lived in Europe in 
Post-Glacial limes ; and that they survived i 
period, is clearly shown by the common association of their 
bones with the implements of man. They are occasionally 
mpanied by the remains of a Glutton (the Gulo speUem), 
which does not appear to be really separable from the existing 
Wolverine or Glutton of northern regions (the Gulo luscus). 
In addition, we meet with the bones of the Wolf, Fox, Weasel, 
Otter, Badger, Wild Cat, Panther, Hyreoa, and Lion, &c., 
together with the extinct Machairodus or "Sabre-toothed 
Tiger." The only two of these that deserve farther i 
are the Hyaena and the Lion. The Cave-hy^na {tfyamt 
spelaa, tig. 269} is regarded by high authorities as nothiTig 
more than a variety of the living Spotted Hytena (H. crocuta) 
of South Africa. This well-known species inhabited Britain 
and a considerable portion of Europe during a large part of 
the Post-Pliocene period ; and its remains often occur in great 
abundance. Indeed, some caves, such as the Kirkdale Cavern 
in Yorkshire, were dens inhabited during long periods by these 
animals, and thus contain the remains of numerous individuals 
and of successive generations of Hysenas, together with in- 
numerable gnawed and bitten bones of their prey. That the 
Cave-hytena was a contemporary witli Man in Western Europe 
during Post-Glacial times is shown beyond a doubt by the 
^ common association of its bones with human implements. 




i 



Fig. rf,.— Sliul] o!Ni 



than a large variety of the existing Lion (Fr/is ieo). This 
animal inhabited Britain and Western Europe in times pos- 
terior to the Glacial period, and was a contemjSorary of the 
Cave-hyaena, Cave-bear, Woolly Rhinoceros, and Mammoth. 
The Cave-lioo also unquestionably survived into the earlier 
portion of the human period in Europe. 

The Post-Pliocene deposits of Europe have further yielded 
the remains of numerous Rodents — such as the Beaver, the 
Northern Lemming, Marmots, Mice, Voles, Rabbits, &c. — to- 
gether with the gigantic extinct Beaver known as the Trogon- 
iheriuM Cuvieri (iig, 270). The great Castoroides Ohioemis ol 
the Post-Pliocene of North 
America is also a great ex- 
tinct Beaver, which reached 
a length of about five feet. 
Lastly, the Brazilian bone- 
caves have yielded the re- 
mains of numerous Rodents 
of types now characteristic 
of South America, such as 
Guinea-pigs, Capybaras, tree- 
inhabiting Porcupines, and 
Coypus. 

The deposits just alluded to have further yielded the 
remains of various Monkeys, such as Howling Monkeys, 
Squirrel Monkeys, and Marmosets, all of which belong to the 
group of Quadrtimana which is now exclusively confined to 
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the South American continent - 

Monkeys, 

We still have very briefly lo consider the occurrence of 
Man in Post-Pliocene deposits; but before doing so, it will be 
well to draw attention to the evidence afforded by the Post- 
Pliocene Mammals as to the climate of Weslem Europe at 
this period. The chief point which we have to notice is, that 
a considerable revolution of opinion has taken place on this 
point. It was originally believed that the presence of such 
animals as Elephants, Lions, the Rhinoceros, and the Hippo- 
potamus afforded an irrefragable proof that the climate of 
Euro|)e must have been a warm one, at any rate during Post- 
Glacial times, T!ie existence, also, of numbers of Mammoths 
in Siberia, was further supposed to indicate that this high tem- 
perature extended itself very far north. Upon the whole, how- 
■ ever, the evidence is against this view. Not only is there great 
difticulty in supposing that the Arctic conditions of the Glacial 
period were immediately followed by anything warmer than a 
cold-temperate climate ; but there is nothing in the nature of 
the Mammals themselves which would absolutely forbid their 
living in a temperate climate. The Hippopotamus major, though 
probably clad in hair, offers some difficulty — since, as pointed 
out by professor Busk, it must have required a climate suffi- 
cientiy warm to insure that the rivers were not frozen over in the 
winter ; but it was probably a migratory animal, and its occur- 
rence may be accounted for by this. The ^VooIly Rhinoceros 
and the Mammoth are known with certainty to have been pro- 
tected witli a thick covering of wool and hair ; and their ex- 
tension northwards need not necessarily have been limited by 
anything except the absence of a sufficiently luxuriant vege- 
tation to afford them food. The great American Mastodon, 
though not certainly known to have possessed a hairy covering, 
has been shoivn to have lived upon the shoots of Spruce and 
Firs, trees characteristic of lempemte regions— as shown by the 
undigested food which has been found with its skeleton, oc- 
cupying the place of the stomach. The Lions and Hyaenas, 
again, as shown by Professor Boyd Dawkins, do not indicate 
necessarily a warm climate. Wherever a sufficiency of her- 
bivorous animals to supply them with food can live, there they 
can live also ; and they have therefore no special bearing upon 
the question of climate. .After a review of the whole evidence. 
Professor Dawkins concludes that the nearest approach at the 
present day to the Post-Pliocene climate of Western Europe 
is to be found in the climate of the great Sibenan plains which 
stretch from the Altai Mountains to die Frozen Sea. "Covered 



by impenetrable forests, for the most part of Birch, Poplar, 
Larch, and Pines, and low creeping dwarf Cedars, they present 
every gradation in climate from Che temperate to that in which 
the cold is too severe to admit of the growth of trees, which 
decrease in size as the traveller advances northwards, and are 
replaced by the grey mosses and lichens that cover the low 
marshy 'tundras,' The maximum winter cold, registered by 
Admiral Von Wrangel at Nishne Kolymsk, on the banks of 
the Kolyma, is — 65° in January. ' Then breathing becomes 
difficult ; the Reindeer, that cidzen of the Polar region, with- 
draws to the deepest thicket of the forest, and stands there 
motionless as if deprived of life ; ' and trees burst asunder with 
the cold. Throughout this area roam Elks, Black Bears, 
Foxes, Sables, and Wolves, that afford subsistence to the 
Jakutian and Tungusian fur-hunters. In the northern part 
countless herds of Reindeer, Elks, Foxes, and Wolverines 
make up for the poverty of vegetation by the rich abundance 
of animal life. ' Enormous flights of Swans, Geese, ami Ducks 
arrive in the spring, and seek deserts where they may moult 
and build their nests in safety. Ptarmigans run in troops 
amongst the bushes ; little Snipes are busy along the brooks 
Land in the morasses; the social Crows seek the neighbourhood 
of new habitations J and when the sun shines in spring, one 
' may even sometimes hear the cheerful note of the Finch, and 
' I autumn that of the Thrush.' Throughout this region of 
woods, a hardy, middle-sized breed of horses lives under the 
mastership and care of man, and is eminently adapted to bear 
the severity of the climate. . . . The only limit to their 
northern range is the difficulty of obtaining food. The severity 
of the winter through the southern porrion of this vast wooded 
'.area is almost compensated for by the summer heat and its 
marvellous effect on vegetation." — (Dawkins, ' Monograph of 
pleistocene Mammaiia.') 

Finally, a few words must be said as to the occurrence of the 
temains of Man in Post-PHocene deposits. That Man existed 
in Western Europe and in Britain during the Post-Pliocene 
■period, is placed beyond a doubt by the occurrence of his bones 
in deposits of this age, along with the much more frequent 
occurrence of implements of human manufacture. At what 
precise point of time during the Post-Pliocene period he first 
.made his appearance is still a matter of conjecture. Recent 
researches would render it probable that the early inhabitants 
^ Britain and Western Europe were witnesses of the stupend- 
ous phenomena of the Glacial period j but this cannot be said 
I have been demonstrated. That Man existed in these 
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regions during the Post-Gbcial division of Post-Pliocene time 
cannot be doubted for a moment. As to the physical peculi- 
arities of the ancient races that lived with the Mammoth and 
the Woolly Rhinoceros, little is known compared with what 
we may some day hope to know. Such infonnation as we 
have, however, based principally on llie skulls of the Engis, 
Neandenhal, Cro-Magnon, and Bruniquel caverns, would lead 
to the conclusion that Post-Pliocene Man was in no respect 
inferior in his organisation to, or less highly developed than, 
many existing races. All the known skulls of this period, with 
the single exception of the Neanderthal cranium, are in all 
respects average and normal in their characters ; and even the 
Neanderthal skull possessed a cubic capacity at least equal to 
that of some existing races. The implements of Post-Pliocene 
Man are exclusively of stone or bone ; and the former are 
invariably of rude shape and undressed. These "paleolithic" 
toob (Gr. palaios, ancient ; Hihos, stone) point to a very early 
condition of the arts ; since the men of the earlier portion 
of the Recent period, though likewise unacquainted with the 
metals, were in the habit of polishing or dressing the stone 
implements which they fabricated. 

It is impossible here to enter further into this subject ; and 
it would be useless to do so without entering as well into a 
consideration of the human remains of the Recent period — a 
period which lies outside the province of the present work. So 
far as Post-Pliocene Man is concerned, the chief points which 
the palfeoniological student has to remember have been else- 
where summarised by the author as follows : — 

1. Man unquestionably existed during the later portion of 
what Sir Charles Lyell has termed the "Post-Pliocene" period. 
In other words, Man's existence dates back to a time when 
several remarkable Mammals, previously mentioned, liad not 
yet become extinct; but he does riot date back to a time 
anterior to the present MoUuscan fauna, 

2. The antiquity of the so-called Post-Pliocene period is 
a matter which must be mainly settled by the evidence of 
Geology proper, and need not be discussed here. 

3. The extinct Mammals with which man coexisted in 
Western Europe are mostly of large size, the most important 
being the Mammoth {Eleplias primigenius), the Woolly Rhino- 
ceros {Rhinoceros tkhorhinus), the Cave-lion {Feiis sj>eliea\ the 
Cave-hyEena(/^'(E«as/f/[za}, and the Cave-bear ( Ursus spdaus). 
We do not know the causes which led to the extinction*' 
these Mammals ; but we know that hardly any Mamnasl 
species has become extinct during the historical period. 



4- The extinct Mammals with which man coexisted are re- 
f ferable in many cases to species which presumably required a 
very different chraate to that now prevailing in Western Europe. 
How long a period, however, has been consumed in the bring- 
ing about of the climatic changes thus indicated, we have no 
means of calculating with any approach to accuracy. 

5. Some of the deposits in which the remains of man have 
been found associated with the bones of extinct Mammals, are 
such as to show incontestably that great changes in the phy- 
sical geography and surface-configuration of Western Europe 
have taken place since the period of their accumulation. We 
have, however, no means at present of judging of the lapse of 
time thus indicated except by analogies and comparisons which 
may be disputed. 

6. The human implements which are associated with the 
remains of extinct Mammals, themselves bear evidence of an 
exceedingly barbarous condition of the human species. Post- 
Pliocene or " Paljeolithic " Man was clearly unacquainted with 
the use of any of the metals. Not only so, but the workman- 
ship of these ancient races was much inferior to that of the 
later tribes, who were also ignorant of the metals, and who 
also used nothing but weapons and tools of stone, bone, &c. 

7. Lastly, it is only with the human remains of the Post- 
Pliocene period that the palteontologist proper has to deal. 
When we enter the " Recent " period, in which the remains of 
Man are associated with those of existing species of Mammals, 
we pass out of the region of pure palasontology into the do- 
main of the Archaeologist and the Ethnologist. 
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CHAPTER XXIII. 
THE SUCCESSION OF LIFE pPON THE GLOBE. 

In conclusion, it may not be out of place if we attempt to 
summarise, in the briefest possible manner, some of the prin- 
cipal results which may be deduced as to the succession of 
life upon the earth from the facts which have in the preceding 
portion of this work been passed in review. That there was 
a time when the earth was void of life is universally admitted, 
though it may be that the geological record gives us no direct 
evidence of this. That the globe of to-day is peopled with 
innumerable forms of life whose term of existence has been, 
for the most part, but as it were of yesterday, is likewise an 
assertion beyond dispute. Can we in any way connect the 
present with the remote past, and can we indicate even im- 
perfectly the conditions and laws under which the existing 
order was brought about? The long series of fossiliferous 
deposits, with their almost countless organic remains, is the 
link, between what has been and what is ; and if any answer 
to the above question can be arrived at, it will be by the 
careful and conscientious study of the facts of Palseontology. 
In the present state of our knowledge, it may be safely said 
that anything like a dogmatic or positive opinion as to the 
precise sequence of living forms upon the globe, and still 
more as to the manner in which this sequence may have been 
brought about, is incapable of scientific proof. There are, 
however, certain general deductions from the known facts 
which may be regarded as certainly established. 

In the first place, it is certain that there has been a succession 
of life upon the earth, different specific and generic types suc- 
ceeding one another in successive periods. It follows from 
this, that the animals and plants with which we are familiar as 
living, were not always upon the earth, b\it that tliey have been 
preceded by numerous races more or less differing from them. 
What is true of the species of animals and plants, is true also 
of the higher zoological .divisions ; and it is, in the second 
place, quite certain that there has been a similar succession in 
the order of appearance of the primary groups (" sub-king- 
doms," "classes," &c.} of animals and vegetables. These 
great groups did not all come into existence at once, but they 
made their appearance successively. It is true tliat we can- 
not be said to be certainly acquainted with the first aisoiutt 



appearance of any great group of animals. No one < 
assert positively that the apparent first appearance of Fishes ■ 
in the Upper Silurian is really their first introduction upon the 
earth : indeed, there is a strong probability against any such 
supposition. To whatever extent, however, future discoveries 
may push back the first advent of any or of all of the great 
groups of life, there is no likelihood that anything will be found 
out which will materially alter the relative succession of these 
groups as at present known to us. It is not likely, for 
example, that tiie future has in store for us any discovery by 
which it would be shown that Fishes were in existence before 
Molluscs, or that Mammals made their appearance before 
Fishes. The sub-kingdoms of Invertebrate animals were all 
represented in Cambrian times — and it might therefore be in- 
ferred that these had all come simultaneously into existence; 
but it is clear that this inference, though incapable of actual 
disproof, is in the last degree improbable. Anterior to the 
Cambrian is the great series of the Laurenlian, which, owing 
to the metamorphism to which it has been subjected, has so 
far yielded but the singular Eozooji. We may be certain, 
however, that others of the Invertebrate sub-kingdoms besides 
the Protozoa were in existence in the Laurenlian period ; and 
we may infer from known analogies that they appeared suc- 
cessively, and not simultaneously. 

When we come to smaller divisions than the sub -king- 
doms — such as classes, orders, and families — a similar suc- 
cession of groups is observable. The different classes of 
any given sub-kingdom, or the different orders of any given 
class, do not make their appearance together and all at once, 
but they are introduced upon the earth in stieression. More 
than this, the different classes of a sub-kingdom, or the differ- 
ent orders of a class, in the main succeed one another in the 
relative order of their zoological rank — the lower groups appear- 
ing first and the higher groups last. It is true that in the 
Cambrian formation— the earliest series of sediments in which 
fossils are abundant — we find numerous groups, some very 
low, others very high, in the zoological scale, which appear 
to have simultaneously flashed into existence. For reasons 
stated above, however, we cannot accept this appearance as 
real ; and we must believe that many of the Cambrian groups 
of animals really came into being long before the commence- 
■t of the Cambrian period. At any rate, in the long series 
of fossiliferous deposits of later date than the Cambrian the 
above-stated rule holds good as a broad generalisation — that 
the lower groups, namely, yirecede the higher in point of time; 




ind though there are apparent exceptiocs to the rule, there 
r are none of such a nature as not to admit of explanation. 
Some of the leading facts upon which this generalisation is 
founded will be enumerated immediately ; but it wilt be well, 
in the first place, to consider briefly what we precisely mean 

»when we speak of " higher " and " lower " groups. 
It is well known that naturalists are in the habit of " clas- 
rifying" the innumerable animals which now exist upon the 
globe ; or, in other words, of systematically arranging them into 
groups. The precise arrangement adopted by one naturalist 
may differ in minor details from that adopted by another; but 
all are agreed as to the fundamental points of ciassification, 
and ail, therefore, agree in placing certain groups in a certain 

(Sequence. What, then, is the principle upon which this 
iflequence is based ? Why, for example, are the Sponges placed 
^low the Corals; these below the Sea-urchins; and these, again, 
lielow the Shell-fish? Without entering into a discussion of 
ifiie principles of zoological classification, which would here be 
:Oiit of place, it must be sufficient to say that the sequence in 
question is based upon the relative type of organisation of the 
groups of animals classified. The Corals are placed above the 
Sponges upon the ground that, regarded as a whole, the plan 
</r type of structure of a Coral is more complex than that of a 
Sponge. It is not in the slightest degree that the Sponge is in 
any respect less highly organised or less perfect, as a Sponge, 
than is the Coral as a Coral. Each is equally perfect in its 
own way ; but the structural pattern of the Coral is the highest, 
and therefore it occupies a higher place in the zoological scale. 
Lit is upon this principle, then, that the primary subdivisions 
Jof the animal kingdom (the so-called "sub-kingdoms") are 
Farranged in a certain order. Coming, again, to the minor 
' subdivisions (classes, orders, &c.) of each sub-kingdom, we 
find a different but entirely analogous principle employed as a 
means of classification. The numerous animals belonging to 
any given sub-kingdom are formed upon the same fundamental 
plan of structure; but they nevertheless admit of being ar- 
ranged in a regular series of groups. All the Shell-fish, for 
example, are built upon a common plan, this plan representing 
the ideal Mollusc ; but there are at the same time various 
groups of the MoUusca, and these groups admit of an arrange- 
ment in a given sequence. The principle adopted in this case 
is simply of the relative elaboration of ike common type. The 
I Oysterisbuilt upon the same ground-plan as the Cuttle-fish; but 
Lthis plan is carried out with much greater elaboration, and with 
lany more complexities, in the latter than in the former ; and 
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in accordance with this, the Cephalopoda constitute a higher 
grouji ihan the Bivalve Sliell-fish. As in the case of superiority 
of struciural type, so in this case also, it is not in the least thai 
the Oyster is an imperfect anJmaL On the contraiy, it is just 
as perfectly adapted by its organisation to fill its own sphere 
and to meet the exigencies of its own existence as is the 
Cuttle-fish ; but the latter lives a life which is, physiologically, 
higher than the former, and its organisation is correspondingly 
increased in complexity. 

This being understood, it may be repeated that, in the 
main, the succession of life upon the globe in point of tiiiic 
has corresponded with the relative order of succession of the 
great groups of animals in soolagical rank ; and some of the 
more striking examples of this may be here alluded to. 
Amongst the Echinoderms, for instance, the two orders gen- 
erally admitted to be the " lowest " in the zoological seale — 
namely, the Criiioids and the Cysloids — are likewise the oldest, 
both appearing in the Cambrian, the former slowly dying out 
as we approach the Recent period, and the latter disappearing 
wholly before the close of the Palieozoic period. Amongst the 
Crustaceans, the ancient groups of the Trilobites, Ostracodes, 
Phyllopods, Eurypterids, and Limviloids, some of which exist 
at the present day, are ail "low" types j whereas the highly- 
organised Decapods do not make their appearance till near the 
close of the Palasozoic epoch, and they do not become abun- 
dant till we reach Mcsozoic times. Amongst the MoUusat, 
those Bivalves which possess breathing- tubes (the "siphonate 
Bivalves) are generally admitted to be higher than those which 
are destitute of these organs (the "asiphonate " Bivalves) ; and 
the latter are especially characteristic of the Palteozoic period, 
whilst the former abound in Mesoioic and Kainozoic forma- 
tions. Similarly, the Univalves with breathing- lubes and a 
corresponding notch in the mouth of the shell {"siphonosto- 
matous" Univalves) are regarded as higher in the scale than 
the round-mouthed vegetable-eating Sea-snails, in which no 
respiratory siphons exist ("holostomatous" Univalves); but 
the latter abound in the Palasozoic rocks — whereas the former 
do not make their appearance till the Jurassic period, and 
their higher groups do not seem to have existed till the close 
of the Cretaceous. The Cephalopodi, again — the highest of all 
the groups of Mollusca — are represented in the Palaeozoic 
rocks exclusively by Tefrabranchiate forms, which constitute 
the lowest of the two orders of this class ; whereas the more 
highly specialised Dibranchiates do not make their appearance 
till the commencement of the Mesozoic The Palaeozoic 
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Tetrabranchiates, also, are of a much simpler type than t!ie 
highly complex Ammonittda of the Mesozoic. 

Similar facts are observable amongst the Vertebrate animals. 
The Fisiia are the lowest class of Vertebrates, and they are 
the first to appear, their first certain occurrence being in the 
Upper Silurian j whilst, even if the Lower Silurian and Upper 
Cambrian " Conodonts " were shown to be the teeth of Fishes, 
there would still remain the enormously long periods of the 
Laurentian and Lower Cambrian, during which there were In- 
vertebrates, but no Vertebrates. The Amphibians, the next 
class in zoological order, appears later than the Fishes, and 
is not represented till the Carboniferous; whilst its highest 
group (that of the Frogs and Toads) does not make its entrance 
upon the scene till Tertiary times are reached. The class of 
the Reptiles, again, the next in order, does not appear till 
the Permian, and therefore not till after Amphibians of very 
varied forms had been in existence for a protracted period. 
The Birds stem to be undoubtedly later than the Reptiles ; 
but, owing to the uncertainty as tc the exact point of their first 
appearance, it cannot be positively asserted that they pre- 
ceded Mammals, as they should have done. Finally, the 
Mesozoic types o^ Mammals are mainly, if not exclusively, 
referable to the Afarsupinls, one of the lowest orders of the 
class; whilst the higher orders of the "Placental" Quadrupeds 
arc not with certainty known to have existed prior to the com- 
mencement of the Tertiary period. 

Facts of a very similar nature are offered by the succession 
of Plants upon the globe. Thus the vegetation of the Falseo- 
zoic period consisted principally of the lowly -organised groups 
of the Cryptogamous or Flowerless plants. The Mesozoic 
formations, up to the Chalk, are especially characterised by the 
naked-seeded Flowering plants — the Conifers and the Cycads ; 
whilst the higher groups of the Angiospermous Exogens and 
Monocotyledons characterise the Upper Cretaceous and Ter- 
tiary rocks. 

Facts of the above nature — and they could be greatly multi- 
plied — seem to point clearly to the existence of some law of 
progression, though we certainly are not yet in a position to 
formulate this law, or to indicate the precise manner in which 
it has operated. Two considerations, also, must not be over- 
looked. In the first place, there are various groups, some of 
them highly organised, which make their appearance at an ex- 
tremely ancient date, but which continue throughout geological 
time almost unchanged, and certainly unprogressive. Many of 
these " persistent types " are known — such as various of the 



Foramitii/era, the Lingula, the Nautili, &c. ; and they indicate 
that under given conditions, at present unknown lo us, it is . 
possible for a life-form to subsist for an almost indefinite period 
without any important modiiication of its structure. In the 
second place, whilst the facts above mentioned point to some 
general law of progression of the great zoological groups, it 
cannot be asserted that the primeval types of any given group 
are necessarily " lower," zoologically speaking, than iheir 
modern representatives. Nor does this seem to be at all 
necessary for the establishment of the law in question. It 
cannot be asserted, for example, that the Ganoid and Placoid 
Fishes of the Upper Silurian are in themselves less highly 
organised than their existing representatives ; nor can it even 
be asserted that the Ganoid and Placoid orders are low groups 
of the class Pisces. On the contrary, they are high groups ; 
but then it must be remembered that these are probably not 
really the first Fishes, and that if we meet with Fishes at some 
future time in the Lower Silurian or Cambrian, these may 
easily prove to be representatives of the lower orders of the 
class. This question cannot be further entered into here, as 
its discussion could be carried out to an almost unlimited 
length ; but whilst there are facts pointing both ways, it 
appears that at present we are not justified in asserting that the 
earlier types of each group — so far as these arc known to us, 
or really are without predecessors — are necessarily or invariably 
more "degraded" or "embryonic" in their structure than 
their more modem representarives. 

It remains to consider very briefly how far PalieonCology 
supports the doctrine of " Evolution," as it is called ; and this, 
too, is a question of almost infinite dimensions, which can but 
be glanced at here. Does Paleontology teach us that the 
almost innumerable kinds of animals and plants which we 
know to have successively flourished upon the earth in past 
times were produced separately and wholly independently of 
each other, at successive periods ? or does it point to the 
theory that a large number of these supposed distinct forms 
have been in reality produced by the slow modification of a 
comparatively small number of primitive types ? Upon the 
whole, it must be unhesitatingly replied that the evidence of 
Palaeontology is in favour of the view that the succession of 
iife-forms upon the globe has been to a lat^e extent regulated 
by some orderly and constantly-acting law of modification and 
evolution. Upon no other theory can we comprehend bow.^ 
the fauna of any given formation is more closely related % 
that of the formation next below in .the series, and to that Ji 



Bie formation next above, than to that of any other series of 
^deposits. Upon no other view can we comprehend why the 
~ Post-Tertiary Mammals of South America should consist prin- 
cipally of Edentates, Llamas, Tapirs, Peccaries, Platyrhine 
Monkeys, and other forms now characterising this continent ; 
whilst those of Australia should be wholly referable to the 
order of Marsupials. On no other view can we explain the 
common occurrence of " intermediate " or " transitional " 
forms of life, filling in the gaps between groups now widely 
distinct. 

On the other hand, there are facts which point clearly to the 
existence of some law other than that of evolution, and pro- 
bably of a (iee|ier and more far-reaching character. Upon no 
theory of evolution can we find a satisfactory explanation for 
the constant introdnction throughout geological time of new 
forms of life, which do not appear to have been preceded by 
pre-existent allied types. The Graptolites and Trilobites have 
no known predecessors, and leave no known successors. The 
Insects appear suddenly in the Devonian, and the Arachnides 
and Myriapods in the Carboniferous, under well-difTerentiated 
and highly-specialised types. The Dibranchiaie Cephalopods 
appear with equal apparent suddenness in the older Mesozoic 
deposits, and no known type of the Paleozoic period can be 
pointed to as a possible ancestor. The Hippuritidm of the 
Cretaceous burst into a varied life to all appearance almost 
immediately after their first introduction into existence. The 
wonderful Dicotj'ledonous flora of the Upper Cretaceous 
period similarly surprises us without any prophetic annuncia- 
tion from the older Jurassic. 

Many other instances could be given ; but enough has been 
said to show that there is a good deal to be said on both sides, 
and that the problem is one environed with profound difficul- 
ties. One point only seems now to be universally conceded, 
and that is, that the record of life in past time is not interrupted 
by gaps other than those due to the necessary imperfections of 
the fossiliferous series, to the fact that many animals are in- 
capable of preservation in a fossil condition, or to other causes 
of a like nature. All those who are entitled to speak on this 
head are agreed that the introduction of new and the destruc- 
tion of old species have been slow and gradual processes, in no 
sense of the tenn " catastrophistic." Most are also willing to 
admit that "Evolution" has taken place in the past, to a 
greater or less extent, and that a greater or less number of so. 
called species of fossil animals are really tlie modified descend- 
ants of pre-existent forms. H^it} this process of evolution has 
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been effected, to what extent it has taken place, under what 
conditions and laws it has been carried out, and how far it 
may be regarded as merely auxiliary and supplemental to some 
deeper law of change and progress, are questions to which, in 
spite of the brilliant generalisations of Darwin, no satisfactory 
answer can as yet be given. In the successful solution of this 
problem — if soluble with the materials available to our hands 
— will lie the greatest triumph that Palaeontology can hope to 
attain ; and there is reason to think that, thanks to the guiding- 
clue afforded by the genius of the author of the * Origin of 
Species,' we are at least on the road to a sure, though it may 
be a far-distant, victory. 




TABULAR VIEW OF THE CHIEF DIVISIONS 
OF THE ANIMAL KINGDOM. 



INVERTEBRATE ANIMALS. 

SUB-KINGBOM L— PllOTOZOA. 

Animal simple o 
finitely segmented ; 
occasionally a mouth and gulleL 
Class I. Grecakiniii*."* 
Class 11. Rhizofoda. 

OrJer i. AfoHera." 

2. Amtebra" 

3. Fcrami,tif«-a. 

4. Radiolana (Poly cystines, kc.) 

5. SfoHgiiia (Sponges). 
5 III. Infusoria." 

Sub-kingdom II. — C<elenterata. 

r Atumal simple or compound ; body-wall composed of two principal 
"gestive canal freely communicating with ihe general cavity of the 
drculating organs, and no nervous system or a rudimentary one ; 
rath surrounded by tentacles, arranged, like the internal 
Wdiate " or stat-like manner. 

4S3 I. HVI 

Sub-ilas: 

water folypes,* 

{SirlulaHa). 
Sub-class 2. Siphonoph 

Portuguese Man-of-w 




Sui-claii 3, ZVjciyJorff {"Jelly-fishes"). Only known as fijssils 

by impiessituiE of their slranded carcasses. 
SMb-tlaii 4. LuamariJa {"Sea-blubbers"). Also only known 

as fosuls by impressions left in fine-giained strata. 
Sui-cioJi S- C™/«'<^(tol»* ("Grapioliies"). 
Class II. Actinozoa. 

OrJ/r I. ZaattlAaria. Ex. Sea - anemones ** {Atfinidir), Star- 

coraU lAitraidiir). 
Order 2. AUyonaria. Ex. Sea'pens [Pcnnaiitla), Organ-ptajH 

Coral (Tui^/iara), Red Coial {Coml/ium). IM 

Ordir 3. Kuffisa ("Rugose Corals'"). ^ 

.. 4. Cimophara." Ex. Venus's Girdle (C«fl(»»). 



SUB-KINCnOM III.- 
di§estiv 



Annuloida. 



Animals in which the digestive canal is completely shut off from the 
cavity of the body; a dislmct nervous system; a system of branched 
"water-vessels," which usually communicate with the exterior, body of 
the adult often "radiate," and never composed of a succession of definite 
rings. 

Class I. Echinodermata. 

Ordff I. Crintndea ("Sea-lilies"). Ex. Feather-star 

tula). Stone-lily {Eiicrinia '). 
Order 1. £/ajftiM'«* (" Pentremites"). 

„ 3. Ccj/ouIb' ("Globe-lilies"). 

II 4. O/Aiiiraii/mC'BriHie-stars''). Ex. Sand-slai 

Mm), Britlle-stais{C)/iiiiK'i'm<i). 
Onier j. Astervida ("Star-lishcs"). £x. Cross-lish (Uraster), 

Sun-star {SoUster). 
Order 6. Eckinoidea ("Sea-urchins"). Ex. Sea-eggs {EcAiaui}, 

Heart-urchins {S^aH^Hii. 
Order 7. Holotkuroidea (" Sea - cucumbers "). Ex. Trepangs 

{Hohthuria). 
Cl-ASS II. Scoi.tiLlBA " (Intestinal Worms, Wheel Animalcules, Ac.) 



il 

s (Opki- 



IV. — Annulosa. 



Animal composed of 



No jointed limbs. 

")■ 

). Ex. Leeches" {tfirudinia), 

-worms (lubknla), Sea-wunili 



i 



(ventral) surface of the body. 

Divitkn A. AnarlAraJmia. 

Class I. Gephvbba** ("Spoon-worm 

Class II. Annelida ("Ringed-womi;. 
Earthworms" ^Oligochicta), Tut 
and Sea- centipedes (Errantia). 

Class III. Ch«tognatha** ("Arrow-worms"). 

Diviiion B. Arthropoda or ArtkulaUi. Limbs jointed to the body. 

Class I. Crustacea ("Crustaceans"). Ex. Barnacles and A 

shells (Cirripedia), Water-fleas {Ostrae(idii\, Brine-sbrimps «nd 
Fairy-shrimps {Phyllofada), Trilobiles * {Trilobita), King-crate/ 
and Eurypterids* (MeraitoiHata), Wood-lice and Sisters {/lopodr L 
Sand-hoppers (AoipAipada), Lobsters, Shrimps, Hermit-crabs. ' 
Crabs {Daapoda). 




» 
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Cl^SS n. AracBNIDa. Ex. Mitai {AcariHa), Scorpions (Fcdifialpi), 
Spiders (Aranada). 

Class III. MvRrAPODA. £x. Centipedes (CMUofada), Millipedes and 
U^lej-wonm [ChUagnalAa). 

Class IV. IsseCI-a ("Insects"). Ex. Field-bugs (flewi/tfei-a) ; Ctictt- 
ets, Grasshoppers, &u. (Orlkafiltra) ; Uragon-tlies and May-dies 
{Niuroplira) ; Gnats and House-flies {,Diplera) ; Bulierflies and 
Moths (Lepidoptera) ; Bees, Wasps, and AnlS {Nvmcnoptei-a) ; 
Beetles {Colcoplaa). 

Sub-kingdom V. — Mollusca. 

Animal soft-bodied, generally with a liard covering or shell ; no dis- 

nnct segmentatioQ of the body ; nervous system ol scattered masses. 

Class I. Polvzoa ("Sea-Mosses"). Ex. Sea-mats {Flmlra), Lace- 
corals (Ftnatdlidit *). 

Class II. Tunicata"" ("Tunicaries"). Ex. Sea-squirts (^ji-Wm). 

Class HL Bkachiupdda ("Lamp-shells"). Ex. Goose-bill Lamp- 
shell [Uiigula). 

Class IV. Lamellibranchiata ("Bivaives"). Ex. Oyster (Ostria), 
TAassel {Mylilus), Scallop (/fe(™}. Cockle (Cnri/jHrn). 

Class V. Gastehoi-oda ("Univalves"). Ex. Whelks {Buccmam), 
Limpets (/'fl/fl?/u). Sea-sings" (ZJpHJ), Land- snails (ffi/ir). 

Class VL Pteropoda ("Winged Snails"). E». Nyalea, CUodara. 

Class VII. Cephalopoda ("Cnttle-fisbes"). Ex. Calamary {-Leltge), 
Fouipe {Octiipui], Paper Nautilus lArgenauta), Pearly Nautilus 
{//autiius), Belemnites,' Orthoceratites,* Amnionites.' 



VERTEBRATE ANIMALS. 
Sub-kingdom VI. — Vertebrata. 

Body composed of definite segments arranged longitudinalTy one behind 
the other ; main masses of the nervous system placed dorsally | a back- 
bone or ' ' vertebral column " in the majority. 

Class I. Pisces (" Fishes"). Ex. Lancelet" (Amphioxus) ; Lampreys 
and Hag-Eshes [Marsifioiramhii") ; Herring, Salmon, Perch, &c. 
{Tdiosld or " Bony Fishes") ; Gar-pike, Sturgeon, &c. (Camu'dd) ; 
Sharks, Dog-fishes, Rays, &c. (Elasmoiranchii or " Placoids "). 
Class II. Amphibia ("Amphibians"). Ex. Labyrintkodontia* Cie- 
cilians,** Newts and Salamanders (Urodda), Frogs and Toads 
(Animrd). 
Class IIL Reptilia ("Reptiles"). Ex. Danosauna,* Plerosauria* 
AnBmodonSa' Plesiosaurs (.SoBro/toyjia*), Ichthyosaurs (/cArfj;. 
Bplaygia'), Tortoises and Turtles [Chelmia), Snakes {Ophidic), 
Lizards {Lacaiilia). Crocodiles {Crocodilia). 
Class IV. Avzs {"Birds"). Ex. Toothed Birds {Odontomilhis*) ; 
Liiard-tailed Birds {Arcitroptrryx*); Ducks, Geese, Gulls, &c 
IJ/atatera) ; Stories, Herons, Snipes. Plovers, &c. (Gmilatitns) ; 
Ostrich, Emeu, Ca^wary, Dinomis,* ^piomis,* &c. (Cunarts) ; 
Fowls, Game Birds, and Doves (Rasoris) ; Cuckoos, Woodpeckers, 
Parrots, &c. {Scuusarcs) ; Crows, Slarlings, Finches, Humming- 
birds, Swallows, S:c. {/nsessara) ; Owls, Hawks, Eagles, ^'Hltu^es 







A genna of the Ceatracioj 



Abdomer (Lai. idido, I conceal). The {MMteri 

iuj the mteBtines and othen of the vi 

is no SBpantiou o( the body-cavity into tnor 

In the higher Atmidoaa that a distinct abdon 
Abeoku't (Idt. oieTT-o, 1 wander awa 
Abkobual (Lat. oi. tiolti ; mmna, i 

ordinary standard. 
AcBonns (Or. akros, h^h ; odoia, tooth). 

BO called from the elevated teuth. 
AOBOOEKS (Gr, airos, hizh ; ffennao, I ^iroduce). Plants -which b 

height by additions made to the Bunimit of the stem by the union of the 

biaeB of the leaves. 
AcBOTHSTA (Gr, akros, high ; Iriios, pierced). A genns of Brachiopods, ao 

called from the presence of a foramen at the flummit of the shell, 
AcniiOCBINiTS (Gr. aklin, a ray ; krhuin, s lily). A genna of Crinoide, 
AcTiNozoA (Gv. aititi, a ray ; and toSn, an animal). That division of the 

Calenlerala of which the Sea-anemonea mar be taken as the type. 
MaunJi {JEgjl, a sea-nymph). A genns of Tiilobites. 
.^FlORNie (Or, aipix, hage; oraw, bird). A genns of gigantic Cursorial 

AoNOBTua (Gr. a, not : gig^i^, I know). A geniii; of Trilobitea. 

ALCB8 (Lat. alas, elk). The Bnropean Elk or Moose, 

AI.BOTO (the proper name of one of the Furies). A genua of Po/ysoo. 

AXETHOPTEBIB {(It. nUikia, troe ; pterin, fem). A genua of Ferns. 

At:0.s (Lat. aljfa, a marine plant). The order of plants comprising the Bea- 

weeds anil many fresli-water plants, 
Altbolus ILat aliiu, belly). Applied to the eocketa of the teeth. 
Akblyptercs (Gr. nmiZiM, blunt ; pJeron, fin). An order of Ganoid Fiahea. 
Ambonychu (Gr. amli6n, a boss ; onax, claw). A genns of Faiffioiolc Bi 

Ambulicba (Lat. atubulacrvm, a pla 

or "avenues" through which are pi 

locomotion ia eifeefed in tlie Echtn. 
AlmoHiTnia, A family of Tetrabranchiate Cephalopode, eo called from the 

resemblance of the shell of the type-genns, Anmumiies, to the horns of the 

Egyptian God, Jnpiter-Ammon, 
Ahorphozoa (Or. a, without ; vnitrpke, shape ; seSn, animal). A name some- 
times iiaed to designate the Spoaffes. 
AMPHiBii (Gr. aviphi, both;6tfls, life). The Frogs, Newti, and the like, 

which have gills when young, hnt can always breathe air directly whan 

adolt. 
AltFHiOYOS (Or. ampfd, boOi— implying doubt; kuSTt, dog). An e 

genua of Cornworo. 




AJirHlsPoNolA (Gr. amp/ii, both; ipoggm, aponge). A genua or Siloriim 

Anfhisteqiha (Gr. ampii. Ijoth ; »(«*. roof), A genuB of Foraminifera 
. ^ _... t_.(,. (J^rion. b-" ■ ' =- 



Ahphitiiebiiin (Gr. 






m 

Mttminata. 
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AKPBITiunDLDa (Gr. amphi, both.; dim. of /ro^s, gout). 

relntoil to the liring Miuk-deer. 
Amflexus (Lat. an nmlnvce). A eentu of Rugose ConUi. 
Ahptx (Gr, ampax, « wrmlli or wheel). A ^un» uf Trilobites. 
Akarthhopuda (Gr. a. witliout ; arthroa, a joiiit : pova, foot). That di 

of ^nnuZoK animals in which there are do artioulateil appendages. 

AscunawsaiDt (Or. agchi,aeai ; til frion. beiut). AneituietgcDuaof Mitn 

AHcrLOOSEtAS (Gr. ajjiaiw, crooked; eeraa, horn). Agenua ot Asitiunatida. 
AnctlOtherich (Or. aghiioa, urooked ; therion, beast). An es 

Edentate Hiunma1«. 
Andbias (Gr. amiriat, image of man). An extinct genoa of tailed Amphi- 

Anoiosfesms [Gr. aHgeion, ■ veiael ; tpmna, seed). Planta which have tl 

Heeda enclosed in a seed-vessel. 
AmcELiDA (a Ga'liciaed form of A nnulata). The Ringed Warme, which fii 

one of the divisions of the AnOrtkrnpoila, , 

Annulabia (Lat. onnv/ui, s ring). A genua of Paloozoic plants, with leavei 

AMmiLOSA (Lat Bniui7iu). The sub-kingdom comprising the AnorthTvpoda 

nai the Arlhropoda or Articalata, in nil uf which the bixly is more or less 

evidently composed of a succession of rings. 
Ahouodohtia (Gr. anoimu. irregntar; ndims, tooth). An extinct order of 

Beptilea, oft«i called Dicj/nodonlia. 
Akouura (Gr. anamoa, Irr^lar ; oum, tail). A tribe of Decapod Cnulaixa, 

of which the Hemiit-crab la the type. 
AnoM/iTBERlDA (Gr. anofdui, imairued ; lAer, beast). A family of Tertiary 

Ungulates. 
Anodba [Gr. O, without ; oura, tail). The order of Amphibia comprising the 

Fn^ and Toads, in which the adolt is destitute of a taiL Often called 

Balrachia. 
Amtenux [Lat. anlftiHn, a yani-arm). The jointed horns or feelers p 

by the majority of the A Hictilala. 
Amtrnsules (dim. of Anteieius). Applied to the amaller pair of ai 

the Cnalacea. 
ANTHBACOBAUHua (Gr. aiU/ircuc, coal ; laura, lizard). A g^oa of Laby 

dont Amphibians. . 

AKTHHAPAL.BMON (Gr. anthriLc, coal ; palteman, a prawn— originally a piopef 

name). A genus of long-tailed Crnstaceana from the Coal-measures. 
AsTLEBS. Properly the branchea of the hams of the Seer tribe (Cervidee), but 

genersUy applied to the entire horns. 
Apiochinid* (Gr. apioit, a pear; kriium, lily). A family of Crinoida — the 

"Pear-enorinifea 
Aptertx Gr a w thout plena awing). A wii^lesablrd of New Zealand, 

belongmg to the orde C aors 
Aqoeoob Lflt * n water Formed in or by water. 
Abach tiA C a p e a eloas of the Artieulata, comprising 

Sp ri an nala. 



inteDiuB^^I 
CobyiintlflH 

llv H nrirfa/^^^ 




t ; Lat. cidarU, a diadeia). 

^he existing Cidaria. 

, i kaaUua, cup). A genne of Palteoi 
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Ahctoctok (Gr. ardoi, hear ; kam, dog). An Eitinct genua of Carnivo 

Arenaceous. Sandy, or composed or etiuds of sand^ 

AsENicouTEB {Lat. arena, eajid ; cola, I inhabit). A genus founded o 



(Are. 






■&). 



be TonnBd by womia resembling the living Lobvorma 



Abtichlata (Lst. artiailiu, a joint). A liivjeion of the uiinial kingdom, com- 
prising Ineeeta, Centipedes, Spidars, and Cruataceana, eharacterised hy the 
possession of .jointed bodies or jointed limbs. The term ATthropoda ia now 
more asusJly employed. 

AnTlODACrm,* (Or. artim, even ; daklnlos, a finger or toe). A diTision of the 
hoofed quadrupeds {Uiigulaia) in wbieb each foot has an even number of 



« (two , 



nr) 



us of TetTubnin- 

ralory tube or siphon. (Applied to a 

division of the Lamemhranchia/e Molluscs.) 
Asteroid (6r. atla; a star; and euim, form). Star-shaped, or possessing 

radiating lobes or rays tilie a star-fish. 
AsrenoiDEA. An order of JSckinodermala, comprising the Star-flshes, ohano- 

terised by their rayed form. 
AsTEBOPHVLUlKB (Or. oaCtT, a star; jthulton, leaf). A genus of Palsoanc 

plants, with leaves in whorls. 
AsTRxiDM (Gt. AslTcea, a proper name). The family of the Star-corals. 
ASTYLOBFONOiA {Gf. o, witiiout ; tluloi, s coliimn ; spoggos, it eponge). A 

genua of Silurian Sponges. 
Athtris (Gr. a, without ; (Aunt, door). A genus of Braehiopods. 
Athtpa (Or. a, without ; trupa, a hole). A genus of Braehiopods. 
AVEB (Lat. avU, B bird). The class of the Birds. 
Aticula (Lat. B little bird). The genus of Bivalve Uollusca comprising the 

Pearl-oysters. 
AlOFHTLLOU (Gr. axon, a pivot ; phvllon, a leaf). A genus of Tlugose 

Azoio (Gr. a, without ; ml, life). Destitute of traces of living beings. 

BachliTeb (Lat. boEidvm, a staff). A genua of the Ammoaitidit. 

BaLxNa (Lat. a whale). The genus of the Whalebone Whales. 

Balakid^ (Gr. balttnos, an acorn). A family of sessile Cirripedei, commonly 
called " Acorn-shells," 

Batbachia {Or, batrachos, a frog). Often loosely applied to any of the Am- 
phibia, but sometimes restricted to the Ainphlbians as a claas, or to the 
single onler of the AnBura. 

BELSIINrrtDA (Gr. htlemnon, adart). An extinct ^oup of Dihranchiate Ceph- 
alopoda, comprising the Belemnites and their allies. 

BsLEUHOTECTHia (Or. bettmami, a dart ; tt^this, a cnttle-liBh). A genus allied 
to the Belemnites proper. 

BBLrauBPB (Gr. hdoa, a dart ; DHra, toil). A genus of fossil Sing-crabs. 

BELr.EROPRON (Gr. proper name). A genua of oceanic Univalves {HeUropoda). 

Bbldteutbis (Or. belos, a dart ; teuAii, a cnttle-fiah). An aitinet genus of 
Dibranchiate Cephalopods. 

BeTricb[A (named after Prof. Beyrich). A genus of Oatracode CruataceaDB. 

Bilateral. Hating two symmetrical sides. 

BiKAKA (Lat. bis, twice ; ?natiiu, a hand). The order of JUamtaalia compris- 
ing man aloue. 

Bipedal (Lot. bit, twice; pei, foot). Walldng npon two legs. 

Bivalve (Lat. big, twice ; valvm, folding-doors I. Composed of two plates or 
valves ; applied to the shell of the LameUHranehiatti and Braehiojxida, and 
to the carapace of certain Cnuilacea. 

Blastoidea (Or, blaitos, a hud ; and eidos, form). An extinct order of Ecki- 
norfennafa, often called Peairemiles. 

Bbachiopoda {Or. brachioii, an arm ; poiii, the foot). A clasa of the Molliis- 
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coida, often callvd " LBiii{>-stie1l9.' characterised by piMEeBsisg two fleshy 

tims continual trom ibe uites of the month, 
BftACHIUBA (Gr. bnickui, short ; oura, tail). A tribe irf tht Decapod Crusia- 

aatu with short tails (>.<., the Crabs). 
BriiDtpddida (Gr. bradm, ' ' ' 

priainK the Sloths. 
BraKcHIji (Gr. broj/fAia, the gill of a 

bnsthe air ilissalved In water. 
Branchiate. PossaaaiDg gills or brancliiiB. 
B&otiTBt^a (Qr. Immti, thunder— an epithet of Jupiter the Thunderer). 

genus of Tnlabites. 
BnoNTOTHEBIVH {Or. bronlf, thunder ; lAfrioii Iwust). An extinct genus 



4, alow; poiia, feet). The family of EdeiUata com 
A reBpir;itory organ adapted ti 



largest footprinls of the Trioaaic Sandstones of Cun 
Bnociio™ (Lat Snerfmiin, a trumpet). The genus 
the Wlielfca. 



s founded on the 
f Udiralreg compriaing 



Extinct plants with reed-like sterna, be- 
lieved 111 1h- eigaotic reprusentatiTes of the KqaiaetacBie. 

Caiaareoce {Lat. onlx, lime). Composed of carbonate of lime. 

CaLicE. The tittle cup in which the polype of a coralligenons Zoophyte (Jc- 
tiiwtoSn) is contain^. 

CaLTMUNK (Gr. katuntiit, concealed). A genus of Trilobites. 

CaLTS (Lai. a tup). Applied to the cnp-Bhaped body of a Crinaid lEchino- 
dernutta). 

CaKaKofBobia (Gi. kamara, a chamber ; phero, I carry), A genus of BnicluD- 

CakklopabdaUDs (Lat. eamxhia, a camel ; pardaiis, a panther). The famil;f 

of the Giraffes. 
Canine (Lat. canii, a dog). The eye-tooth of Mammals, or the tootli wUcli 

is placed at or close to the prsmnxillory suture in the apper jaw, and the 

corresponding tooth in the lower jaw. 
CaBapack. AprotectiTeBhielil. Applied to the npper shell of Crabs, Lobsters, 

and many other Cnulacca. AIko the upper half of the immovable case in 

which the body of a Chelonian is protected. 
Cabohabodon (Gr. lairduiro), rough ; odaui, tooth). A genus of Sliarks. 
Cahoiocabpon (Gr. kardia, the heart ; iarpoi, fruit). A genus ot fosMl fruit 

from the Coal-measurns. 
Cabdiuh (Gr, birdia, the heart). The genus of Bivalve Uolluscs compTUing 

the Cockles, Carditiia, CaTdiola, and Cardila have the same derivation. 
CARlirvoRA (tdt. cam, flesh ; voro, I devour). An order of the JUaTnmalia. 

The "Beasts of Prey." 
Carniyoboub (Lat. cara, flesh ; iTorn, I devour). Feeding upon flesh. 
Caryocaris (Or. karua, a nnt ; taris, a shrimp). A genus of Phyllopod Crus- 

taceans. 
CABTOCBnros (Gr. karua, a nut ; kriTum., a lily). A genus of Cystideans. 
Caddai, (Lat. cuudo, the tail). Beloi^ng to the tail. 
CaTIcorhu. (Lat. caiiia, hollow; cnma, a horn). The " hoUow-homed " 

Raminanta, in which the horn consists of a central bony "horn-core " snT- 

rounded hy a homy sheath. 
Centrum (Gr. kentron, the point round which a circle is described by a pair I 

of compasses). The central portion or "body" ot a verfebra. 
Cephat.asfidx (Gr. iepJiak, he^A ; aspia, shield). A family of fossil flshes. 
Cephalic (Gr. iepluile. head). Belonging to the head. 

Ceph.VLOPODa (Gr. hephoU; and jwrfes, feet). A class of the MoBuaca, com- 
prising the Cuttle-fishes and their allies, in which there is a series of ai 

ranged round the head. 
CEBATIOCABta (Gr. &!rai, a horn; iaris, a shrimp). A genus of Phylte 
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CEBiTiTKS (Gr. faras, tthom). A genus of ^mniwu'iirfa. 

Ceratodus (Or. kemi, a horn ; odoiui, tnotlil. A genun of Dipnoous flshea. 

Cervicai. (Lai cermx, the neckj. CoDcected with ot Lelongiiig to the region 

of the neck. 
Certidj! (Lat. terms, a stag). The runily of the Deer. 
CebthaPHOHI (Or. kekra, a weapon : jjAptu, I cany). Tbegrnnp af the "Cea- 

traciont Fishes," represented at the present day n; the PortJoclcson Shark ; 

so called fTom their defensive sjiisen. 
Cetacba (Gr. keto, a whale). The order of Maniinals comprising the Wltales 

and the Dolphins. 
C&TIOSACBUS (Gr. kiloi, whale ; saiira, lizanl). A geons of DeinoSHurian 

Reptiles. 
CheiboiteBa (Gr. cknr, hand ; pUron, wing). The Mammalian order of the 

Batji. 
CHEERoraERiril (Gr. aheir, hand ; Iherunt, beast). The generic name applied 

origioally to the hand-shaped footprinte of Lalifrinthodonts. 
CHElBHRtra (Gr. cheir, handT; euro, taill. A genus of Trilohites. 
Cheloiha (Gr. ekdmit, a tortoise). The Beptilian order of the Tortoises sod 

Turtles. 
CHoNirrEB (Gr. chSnl or chBaTtt, a chamber or hox). A genuR of Brochiopods. 
CiDAAls (Lat. a diadem). A genus of Sea-urchins. 
CLAlWDBa (Qr, Korftn. branch ; odoue, toothl. A geuus of Fishes. 
CLATHEuPOBi. (Lat. clathri, a trellil ; j)oii«, a pore). A genus of Lace-eorals 

Cliheophvlloh (Gr. khtUnt, a hat ; phullim, leaf). A genus »f Rugose Corals. 

Clyxekia {Clvmem, a proper name), A getins of Tetrabranchiate Ce^alopoda. 

C0CCO8TED8 (Gr. hokkoe, berry ; oatfoii, bone). A genua of Ganoid Fishes. 

CncBLIODtiS (Or. koAlion, a snail-shell ; odoas, tooth). A genus ot Cestra- 
oiont Fishes. 

CiKLRNTERATA (Gr. koUog, holIow ; enteTOH, the bowel). The sab-kingdom 
which comprises the I/ydrotoa and Aclinozoa. Proposed by Frcy and 
Lenckhart in place of the old t«rm Eadiaia, which iuclniled other animals 

COLKOPTEBA (Gr. kol-toi, a sheath ; plenn, wing). The order of Insects 
(Seetlei) in which the anterior pair of wiup btb hardened, and serve as pro- 
tecUve cases for the posterioi pair of membranous triogs. 

COLoasocHELTB (Gr. itofosoM, a gigantic statue ; chelm, a tortoise). A huge 
eitinct Laud-tortoise. 

CcniuTDLA (Or. hma, the hair]. The Featfaer-Btar, so called In aUiision to its 
tress-like arms. 

CONDrLB (Gr. kondvlBB, a knuckle). The surface by which one hone articulates 
with another. Applied esgiecially to the articular surface or surfaces by 
which the sknll arti(mlat«9 with the vertebral column. 

OoillFBB« (Lat. nniiw, a cone ; ,/mi, I ciirryl. The order of the Firs, Pines, 
nad their allies, in which the fruit is generally a '' cone " or " fir-apple." 

OOMHi.i»iA (Lat. coavliit. a little couo). An eitinct genus of Pteropods. 

CoFBOUTSa (Gr. kopros. dnng ; li/Jua, stone). Properly applied to the fossil- 
ised excrements of animals : but often employed to designate phosphatic con- 
cretions whicli are not of this nature. 

COBAliiTE. The coraUum secreted by an Actimsm/ia which consists of a single 
polype : or the portion of a composite cornllum which helongs to, and is 
secr^xd by, an individual polype. 

CoraUjTTK (n^ the Latin for Red roral). The hard atructnres deposited In, 
or by, the tissues of an j)fi(ijioso*ra—ooinmouly called a '■ coral." 

CoBlACEorrs (Lat. conam. hide). Leathery. 

COBYPHOBOS (Or. korus, helmet ; iiious, toothl. An extinct genus of Mam- 
mals, allied to the Tapirs. 

Crahtom [Gr. krattiat, the sknll). The bony or cartils^nous case in which 
the brain is contained. 

Cbetaoeocb (Lat. creia. chalk). The formation which in Europe contains 
white chalk aa one of its most conspicuous members. 
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Chiocsoab (Ur. jtrioj, a run ; itmu.ahoru). A. gema of AmmonUuiix. 
Cbocodiua |Gr. kniiodeUoi, a crocodile). An oi^er of HepUlea. 
CBoaBOPTENTOJDA (Gt. kroiaoioi, a fringe ; plfrox, b Gq). A sab-oidc 

Oanolds in which the ptired fins poaaesa s central labe. 
Chugtacea (Ltt. cnufo, ■ emit). A claas of Articu]at« animals, Eampriil 

Crabs, Lotaten, &c, characterued by the poBBCBBion of a hard shell or 

cmst, which they cut periodically. 
Criptooams (Gi. ftnipM*, concealed ; gairuu, marringe). A division of plants 

in which the oiipms of reprodnctioa are obscure and there are uo true 

Ctenacaitthcb (Gr. ibffif, ■ ootDb; akant/ia, a thora). A genus of fosBil fiehes, 

named from ita fiii'Spinea. 
Ctehoid <Gr. fleir, a comb; ni'<u. form). Applied to those ecnlea of fisbes 

the hinder msrgini of which are fringed with Bpinea or oomb-Hke pmjectionB. 
CuBaOREa (Idt. carrOf T mn). An order of Avee, comprising birds destitntfl 

of the power of ilight, bnt formed forraunlng vigorously (e.g., the Ostrich 

and Emsu). 
Cuspidate. Famished with small pointed eminences or " cusps." 
CrATROORlBns (Gr. faia/io*, a enp ; krinon, a lily). A genua of Crinoida. 
Ctathophtlldm |Gr. imUhoi, a cup ; phulion, a leaf). A genus of Eagose 

Corals. 
CTCLom |Gi. hikiai, a cirela ; eido*, tana). Apphed to those scales of fishea 

which haie a regularly circular or elliptical outline with an even niat^u, 
CrotoTOTHALiroa (Gr. mUei, a circle ; ophthalmni, eye), A genua of fosi 

Scorpions. 
CTCuffiTOHi |Gr. kakloa, and ibima, month). Sometimea used to detignate the 

Hag-fishea aud L( " . . 

. Ctfr^a (a nani« oi 

Cowries. 
Cehtoceras <Gr. kurioi, crooked ; kena, horn). A genus of Tetrabranchiate 

Cephalopods. 
CTSTIPHyLLi™ (Gr. kunlii, a bladder ; pkullon, a leaf). A genna of Rngoss 

Ctstciipea (Gr. kmtiii, a bladder; eidoi, form). The " Globe-criooids," sn 
eitinct order of EckinodermaCa. 

DaSOITLOH (Gr. dadion., a torch ; anJon, wood}. Ad extinct genus of Con- 
iferous trees. 

Decapoda (Gr. dtka, ten ; jeodei, feet). The division of Cnudaeea wliith have 
ten feet; also the family of Cuttle-fishes, iu which there are ten amia or 
cephalic procesaea. 

DECmuone <LaL cUddo, I fall off). Applied to parts which fall off or are shed 
during the life of the animal. 

Deinoeadria (Gr. deinui, terrible ; aamn, lizard). An extinct order of Rep- 

DBlKOTHERll'M (Gr. deotos, terrible; thenon, beast). An eictlnct genus of 

Proboscidean Mammals. 
Dendrobraptitb iGr. dendrim, tree ; gmpho, I write). A genus of Grapto- 

lltes. 
Desuidlx, Minute fresli-water plants, of a green colour, without a siliceous 

DlATOKAGEjE <Gr. dSotaiiiia, I sever). An order of minute pliuite which an 
provided with aLlicoous envdopea. 
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DiOYHoooHTiA (&, dii, twioe ; kium, dog ; odom, tooth). An extinct order of 

Reptiles. 
DlDiXooRAPTns (Qt. didmtun. twin ■,ifrn.pho, 1 write). A)teiiuHof Graptolitea. 
DlMoBPElnuoM (Ur. dUi, twice; morpki, «hape; odmu, tooth). A gsnui of 

PteroaaurUn ReptileB. 
DlSIcnTHTH (Gr. deiima, terrible ; icktAtu, flah). An extinct genus of Flihts 
DiKOCERAS (Gr. dtinoa, terrihle ; kmu, hom|. An extinct geaus or Msnunals. 
DiNOPHlB (Or. deittoi, terriblv ; ophii. euske). An extinct genus or Sii&kea. 
DiNORNlB (Gr. deimu, terrible ; "ntii. hird). An exlinrt genua of Birds. 
D1PLOORAFTU8 (Gr. rfiy/M, donlile ; <rrap/ui, I write). A genua of Gmptolites. 
Dipnoi (Gr. dU, twioe; pnol, breathl. An order of Fishes, comprising ^e 

Mad-lishe», ao called in allusion lo their double mode of respiration. 
DiPHoTODON (Gr, dia, twice ; prntos, first ; orfmu, tooth). A genua of eitinct 

Mareupiala. 
D:fiera (Gr. dia, twioe ; plfrm, wiug). An order of Insects ch«iiol«rised 

by the poBSassion of two winga. 
DlBConi (Gr. duhoi, s quoit ; cidos, form). Shaped like i round plate or 

DoulMITB (named after M. Dolomieu). Magnesian llmsstone, 
DOBSAL (lilt, dormm, the book). Connected with or placed njiOD the back. 
Db01£aTHEB1IIM (Gr. dromaita, nimble ; thiriiin, beasl). A genus of Triawio 
MammaU. 

a spe). An eitiuct genus of 



of which have sjdnj 

Ec&iHolSEA (Or. tdimos .- and nifiu, furtu). An anler of EchiniMttTmala, com- 
prising the Sea-urohina. 

EDEHTATi (Lat, e, without ; rfwu, tooth). An order of Mammalia often called 
Smta. 

Edkntdlous. Toothless, without tuiy dental Hpparatna. Applied to the 
month of an; animal, or to the hinge of the Bivalve Molluaca, 

ELASMOBIUNCHn (Gr. daima. a plate; bragdiia, gill). An order of Fishea, 
inclndlng the Sharks aod Rays. 

EUAUOSAUHiA (Gr. enoiios, marine ; aiura, liMrd). Sometimes employed as 
a common term to designate the extinct Reptilian orders of the IchOiyoaavria 
and PlttioaauTia, 

EOCBNB (Gr. CDS, dawn ; kaiiwi, new or recent). The lowest division of the 
TertlaiT locka, in whicli species of existjng shells are to a anal] eit«nt 
represented. 

EOFHTTOH (Or. eos, ilawn ; phiilmi, a plant). A geuns of Cambrian fossils, 
Bapposed to bo of a vegetable nutiirc. 

EOSMN (Gi. tot. dawn ; a>6n, animal), A genus of chambered cslcareDus or- 
ganisms found in the lAurentmn and Huronian fonustioua. 

Equilateral (Lat. a^iii', eiunl ; luliu, side). Having Its sides equal. Usu- 
ally applied to the aheils ol the flra<Aiopwa. When applied to the spiral 

> sbellaof the Foramiiii/'eni, it means that all the convolutions of the shell lie 

u In the same plane. 

HCIHBTAOEX (Lat. ffiuts, horse ; tela, bristle), A group of Cryptogamoas 

P plants, commonly known as " Horse-tails." 

^^rvALTB (Lat. nquMt, equal ; vulva:, fqlding-dooffi). Applied to shells which 
re composed of two equal pieces or valves. 
lAMTiA (Ijit. erro, I wander|. An order of A tindida, oft*n called A'rreuf en, 

rdiatlnguished by their great locomotive powers. 
(Or. en, weU ; omphaloi, navel). An extinnt genus of Univalve 

{Or, eunit, broad ; jiCerc 

ffKroitt circle). 




FicsA (Ldt. /hunt, the rural deities of tlie Romaai). Tbeseneralu 



Dl tbfl I 



uftt& of any n 



B (L«t. / 



jr district 
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u of TabaUte Corals. 
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Fe»estiludjG <tat. /aiaUlla, h UtUe window). The " Lacu-corals," agroup 

of PBlonloic PolyioaiiE. 
FliJci>9 {IML jULc, ufcrti). The onletor Cryptogunic plants comprisiDg tho 

VtUVOBtHLtL JfluiK, athreod;/in-ma, abapc). Thread-shaped. 

Flora {Lot Flinn, the goddesa of fiowera). The general assembl^e of the 

pUnls of any nfiaa or district. 
PoRUUNirKRA (Lat./omnum, an apertnre ; /em, I tarry). An order of Ptb- 

louia, OBUilly ebaracterined liy theposwwiou of a shell perforated hy 

01U {menilopodial iperturea. 
FBU01V0H0neil«t,/™i, fmit ; mm, I devour), living uponfrnits. 
Fcooros iLat, /m-iti, KS-weed ; Gr. lidm, likeQeaa), Fonila, oftei 

□bscnre aatnre, believed to be tbe rmuainB of sea-weeds. 
FcsuuNA (LaL/iLnu, aapindle). An extinct genoa of /Vrontiwi/cro. 

GAiioiDfGr flUBOj, splendour, brifthtnens). Applied to those scales oi ^ 

whiuli are t-oiiipofied of an inferior layer of true bone covered by a anpsrior 

layer of poliiihol enamel. 
Oakoidei. An order of FMes. 
GiSTEHOiWDA (Gr. gaiter, atomach ;_pous, foot). The class of the Motluxa 

oompriaingtheonlinary Univalves, in which loconjoUouis a8U ally effected by 

a iDosuuIar expansion of the under surface of the body (the "foot"). 
GLOBroKRlKA (Idt, gliibua, a globe ; ffera, I curry), A geune of Foramtnifi-nL 
Gltptodoh (Or. jrinjjAo, I engruve ; orfoiw, tooth). An extinct ({onus of Aruur 

diUos, BO named in allusion to the Anted teeth. 
GoBiiTiTKS (Gr. ffJttvB, angle). A geaia of Tatrabraochiate Ceplialopoda. 
GHALLATciHE8(Lat.yniU(e. stiltH). Theorderof the long-legged Wading Birds. 
GBAnoLiTWX (Qr. arapho, I write: KAtia, stone). An extinct eub-uiasa of 

the Hy,lra»a. 
Gtmnospkiiks (Gr. gummu, naked | sptmia, aeed). The CTonifers aad Cycsds, 

in which the seed ia not protected within a need-vesseL 



Halitrkbiub (Gr. huU, sea ; tifrioK, beast). An e> 



it genns of Seo-cowB 



Corals. 
HELLAWiTHEBtini (Gr. BeBos, Greece ; (town, beast). An eitinut geniia of 

nngnlate Mammala. 
HBMinEHA ^Gr. hcmi ; and jj^eroji, wing). An order of Inseota in wliicli tka 

anterior winga are aonietimes " hemdytra. " 
Hesfehobnis ^t. Uesperos, tlie eveoiiigstar; omii, bird). An extinct genus 



if Birds. 
Hetebucercal (Gr. helena, dii 

Fishes when it la unsymmetrici 
HetebopoDa (Gr. Mrriis, divei 

Oaateropods, in wliidi tlie foot is iDOdified ao aa to form a BwimniiD); oi^an. 
HipPARioN (Or, IdiipaTllSn, a little hoise). An eitinet genns of ^MiSw. 
HIPPOPOTAMDB (Gr. kipfna, hnrae ; polamn», river}. A genua of Hoofed Quad- 



i ; herkos, tail). Applied to the tail of 

T composed of two unequal lobea. 

jwrfes, feet). An alierrant group Of the 
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HOHOCEBCU. (Or, homot, umv ; krrtoi, tail). Applird to ihe 

HTBaiMJNTS (i. . 

Hybodut a tbe lytw^niu. , 

Htdbaida (Or. hsdmi and eidm, form). The gub-claas of, the Sgdnzaa, 

which comprisfls the luiiniKbi most nearly allied to Ihe Hydro.. 
Btpkozoa (Ur. hadra ; aodloun, nninml). The cliua of the Ctrjenfnii/a which 

cxiatpriBea uilmala caastraiiled i.i\f:i the type of the Hydra. 
ElXEHQPTEfiA (Or. Awnen, b itietiibTann ; pleron, a wjn|;). An order of In* 

sects Icomprisiiig Bees, Auta, &c.| chacnctcrised by tbe possession of four 

memhraaaoB wings. 

ICHT&TODOIIULITE (Gi, ichthia, fish ; danu, apear; lithoi, ntone). Tbe fossil 

fln-spind of Fishes. 
IcHTBioPTBitraiji (Or. iAlhai ; ptenii, wing). An eitinct order of ItoutileB. 
ICHTBTOBTOS (Or. MUhui, Bah ; nmiii, bird). An eitinct emus of Birds. 
IcBTHiosADHiA (Gr. ichOiui; taara, liznid). Synoayuiuus with Ichlhyop- 

IQCAHODOH (Iguana, a living liunl ; Or. odoia, tooth). A geuos of Deinaeaa- 

riut ReptiJiis. 
Incisob (Lat. iiwirfu, I out). The cutting tenth fixed in the intennaiiUary 

hcnes of the Mammalia, and the corresponding tenth in the lower jaw. 
, iHB^iiATERAi.. Having the two sides unequal, as in the cane of the shells of 
' the oniinary bivalves [Lamelliliranchiala). when applied to the sheila of 

the foramiaiffra, it implies that the convolations of the shell do not lie in 

■"" plane, but are obliquely wound round dj> axJA. 

— Composed of two unequal pieces or valves. 
, . r. is, a tibcB ; keravtoa, an earthen veasel). An eitinntgenoH of 

Kralvs UoUosca. 
I]ISECTA (Lat. itDteo, I cut into). The claai of articulate animals coicmonly 

known as Ingecta. 
Ihbbdtivoiia (Lat. tniecfum, an insect ; ddtd, I devour). AuorderofUammalB. 
ImBonvoBOira. Living upou Insects. 
■"kbesbobbs (Lat. intedeo, I sit upon). The order of the PercMug Birds, often 

caUed Pwaera. 
IiiTEBAMBnj.c{iA. The raws ot plates in an KAirwid which are nut per- 
' forated tor the emission of the "tube-feet." 
IbtkbmaIILL£ or Pb.sMaI1U.£. The two bones which are situated between 

the two superior maiiliiE in VeTtebraia. In man, and some nioulteya, the 

prBmaiilliB auchylose with {he maiillie, so as to be trrocogntsable In the 

ISTERTBBltATA (Lat. in, Without : terUbra, a bone ot the back). Animals 
without a spinal column or backbone. 

'"- '--I, equal ; podts, feet). An order ot Criatacea in wliich the 

e another and equal. 




» 



the existing fauna ai 

, „ .J. (Gr. laharinlhia, a labyrinth; odom, tooth). An extinct 

' oidar of Am^ihia, so called from the complex microscopic stracture of the 
t«eti). 

Laobbthja (Lat. fecffrta, alizard). An order of fl«p(i7iB comprising the Liz- 
aids and Slow-worms. 

LamelubbaJJCHIATA (Lat. lamella, a plate ; Gr. bragehia, aill). The elasa of 
JfoKu«ca oompriaing the ordinary bivalves, chaTacterised hy the possession 
of lamdlar ^Is, 

iilWDODKNDHOS (Qr. IcpU, a Scale ; deadroti, a.ine). A gBHua of eitinct plants^ 
■o named from the scale-like scars npon the stem left by the [ailing off of the 
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Lbpidofteha (Gr. lepit, a uals ; plennt, a wing). An ordei of IneecU, com- 
prising ButterHie* and Moths, characUriseil b; possessing fooi wings whiah 
ue Dsually covered witb minnte scales. 

LiPiDOslBGn (Gr. lepit, a. scsIb ; teirgrt, a siren — the gtaeriu niime of the M 
eel or Sirm lacertnut). 'A g«au» of Dipnoons AbIhh, coinpribing the " ' 

Lbpidosthobus (Gr. Upii, a scale ; sirobSoi, a, lir-cone). A genns 

the cones of hcpuMendrm. 
JjxmaiK (Gr. It^ios. slender). A ganns of Braehiopods. 
LlNoDIv^ (Lat. finyuia. a littlti tongue). A genua of Brachiopoda. 
LycofoduckiB (Or. iKjw», a wolf; poiu, foot). The group of Crypt 

plants generally known as "Clnb-mossea." 

HACHXHAOAirrBiis (Gr. machaira, b sabre; aiajitka, thorn or apine). 

tinct genus of Fishes. 
Haciuibodos (Or. tmuAaira, a nabre ; odoai, tooth). An extinct 

; Ihervm. beast). 




t genus of 
t genus of 



Uacrothehium (Gr. mahroa, 

EdenUta. 
MaCBUKa (Gr. ma*™*, long; oiira, tail). A tribe of Decapod CraitaceaiM with 

long talis (e.g., the Lobster, Shrimp, kc.) 
M a*"!"'* (lat. mamiua, the breast). The class of YertehTate animals which 

suckle their young. 
Handiblb (Lat. mandibiilinit, a jaw). The upper pair of jaws in Insects ; also 

applied to one of the pairs of laws in Cruatacea and Spiders, lo the beak of 

(^phalopoda, the lower jaw of V«rtebrat«s, Lc, 
MiNTLE. The eiternal inlegucient of most of the Mollusca, which is liueel^ 

developed, and forms a cloak in which the viscera are protected. Tei±iu- 

cally caUedthe " pallium." 
Mahus (Lat. the hand). The band of the higher Vertebrates, 
MABaiPOBBANOHii (Gr. marsijios, a pouch; bragchia, gill). The order of 

Fishes w)in|inting the Bae-Si!h«s and Lampreys, with ponch-lilie gills. 

MiRSDPf AUA ILst. mnrsupium, a pouch). An order of Mamnula in which tho 
females mostly have an abdominal pouch in which the yonag are carried. 

Mastodon (Gr. laasloa, Dipple ; odoia, tooth]. An extinct genus of Elephants 
ine Mammals. 

Meoalontx (Gr. vugat, great ; otiux, nail). An extinct genus of Edentate 



MEOALDSAURltH (Gr. vitgat, great ; saaro 

Reptiles. 
Mecathesiuh (Or. inegot, great ; Viir 



lizard), A gen 



of Di 



__ __ o -. Q , - - - -i beast). An extinct genus of 

Edentata. 

Mebozoic (Or. ffiesoj, middle ; andzof, life). The Secondorv period in Geologr. 
MiOHDi.BBTm (Gr. ■mkrot, little ; listes, thief). An eitinct genus of Triassic 



le thonaaud ; ponis, a pore). A gc 



■' Tabulate 



» 



A (Lat. mUU, 

Corals." 

MiocEBE (Qr. mei'™, less ; kainos, new). The Middle Tertiary period. 
MOLAIU (Lat. mala, a mill). The "grinders" In man. or the teeth in diphyiy 

dont Mammals which are not preceded by milk-teath. 
MoucaCA (Lat. mollu, softj. The sub-kingdom which includes the Sheil-llBh 

proper, the Pulj/ssoa, the TiatJcUa, and the Lamp-shells ; so called from tbe 

generally soft nature of their bodies, 
MoLLCHcoiSA [MoUuica ; Gr. eidoe, fonn). The lower division of the Jfol- 

tiaca. comprising the Pol//iaa, Tunicala, and BTadiiopoda. 
MoBOGRAPTCa (Gr. mrmos, amgle ; grapho, 1 write). A genua of Graptolites. 
Mtlodos {Or. mtiUa, a mill ; odoua, looth). An eslinct genna ot Eden 

Mammals, 
Htbupoda or Mtriopoda (Gr. murioa, ten thonaand ; podes, feet). _, 

o^ ArViropt)^,a comprising the Centipedes and their ullies, characterised b 





UiliTOBBs (Lilt, nan, to swim). The order of the Swimming Birds. 
HiTATOBT (IjUt, nare, to awini). Formed for Bwiinaiing. 

" — ~ Resernbliog tlie bIibII of the /(avtilat in shape. 

at. itennu, a. aiuew). The nba which support the memhranoua 



fiiAnriuiiD. 

^» wings or in 

^V actectsed t 
H (e.?., Drag. 



(Gr. 
actectsed by fooi m 
(cff., DtagoB-tUBfl), 
SinBOPTKBiB |Gr. nearan, a narve ; piens, a fom). An extinct genus of 

NoTBOBAURlTS (Gr. KoMoj, sporloua; saura, lizard). A geuHS of Pfuimuuridn 

Keptiles. 
NoTOCHOBD (Gr. noliii, hsck ; durrde, string). A cellular rod which is derel- 

oped in the embryo of Vertebratea imnieuiately lieneiith the spinal cord, and 

idiich is usually replaced in the adult b; the vertebral column. Often it is 

Bpoken of as the " chorda doiaalis." 
KltDlBRAMOBiATA (Lat. mufw, naked; and Gr. braffchia, gill). An order of 

the Oaatempoiia in wliich the gills are naked. 
Numuuliha (Litt. nammm, a coin). A genue of foramini/'era, comprising the 

coin-shaped " Nnmninlites." 

y Obolblia (Lat dim. of obolue, a smnll coin). An extinct genus of Brachio- 

OcoiPlTAl. Conncctud with tne occiput, or the back part of the head. 
, OOEANIO. Applied to animals whicli Inhabit the open ocean ( = pelagic). 
OdobkiPTEBYX (Gr. odoiu, tooth ; plirux, winir). An extitict genus of 

Birds. 
ODONTDKNiTHra (Or. odous, tooth ; orau, bird). The extinct ordei of Birds, 

comprising forms with distinct teeth in sockets. 
OUQOCENK (Ur. oligea, few; icaituu, new). A name used by many Cantineatal 
I geologists aa Bynonymous with the Lower Miocene. 

OraiDU (Gr. op/iin, a serpent). The order of Reptiles comprisins the Snakes. 
OCBiimoitiEA (Gr. opAu, snake; intra, toil ; eidos, form). An order of fcAino- 

dermala, comprising the Brittle-stara and Sond-starE. 
OnmHOscELiDA (Gr. ontu, bird ; atelos, leg). Applied by Huxley t« the 

Deinoeanrian Reptiles, together with the senos Comjwejwt'Aiu, on account 

of t^e bird-like cbaracter of their hind-limbs. 
Obthis (Gr. oHIki, straight). A genus of Bracbiopods, named in allusion to the 

straight hinge -line, 
0BTHOCEBATID.G (Gr, ofthot, stnight ; ktrat, horn). A family of the So/a- 

tmda, in which the shell is straight, or nearly so. 
Obthoftbra (Or. in-Uioi, straight ; jHcrori, wing). An order of Insects. 
OsraotKHS (Gr. oileoa, bone; lepis, scale). An extinct genus of Ganoid 

Fishes. 
Obtbacoda (Or. oairaJum, a iihell). An order of small Cmstaceans wliich are 

enclosed in bivalve shells. 
OTODua(Gr. ola, can ; odutu, tooth). An extinct gen us of Sharks. 
OuDBNDDOH (6r. ouden, none ; odons, tooth). A gcnii» of Dicynodont Bep- 

OviBOB (Lat. DUU, sheep ; ios, ox). The genus comprising the Musk-ox. 

Pachtdebmata (Gr. pac/ius, thick ; derma, skin). An old-Mammalian order 
constituted by Cuvier for the inception of the Rhinoceros, Hippopotamna, 
Elephant, kc. 

Paulabteh (Gr. palaios, anciont; atier, star). An extinct genus of Stat- 

pALJiocAlUB (Gr. palaioi, ancient; taris, shrimp). An extinct genus of Deca- 
pod Crustaceans. 

Pauboitthic (Gr. palaloa. aneiei 
implements oi the earliest kno' 
implements, or to the period at 



Palaoittoumt <Gr. palaioi, n 






rnt ; and loifot, iiaeoane). The acienue of 
isad beings. 
; ophis, serpent). An extinct genua of 



I, lizud). A genua of Tbeoodont 



PALJIOFUI3 (Or. ^aios, « 

PAL-soeACRDS (Gf. poioioi, audent; . 
Ririitiles. 

pALAcntlEBlDJt (Qr. palaiog, uident; ther, beast). A group of TertiBry 
L'ngulatei. 

Palauoic (Or. valaios, ftucieat ; and zae, life). Applied io the oldest of the 
great geological epochs. 

pAHAttosiDBS (Lat. jHTodoxii*, iDaTvelloua). A genns of Triloliitea. 

Pataoium (LaL the border ofa drew). Applied to the expaiuioii of the in- 
tegument by wbiuh Bats. Flying Squirrels, and other aninula aupport theqj- 
aelveb in the sir. J 

pECOPTEBiB (Or. pfto, I comh ; ptr^rii, i fern). An eitinct genus of Ferm ^U 

PecteS (Lat. a uoiub). The genua of Bivalve Mollneca uompriEing i^H 
SuallotH. ^^ 

PlicruliAl. (Lat, ptclut, chest). Connected with, or placed npon, the dheat. .-M 

PentaciukVS (Or. pmla, fire ; krmen, lily). A genus of Criuoids in which 
the colnmn ia flve^ided. 

PtiiTAiiBRUB (Or. paita, five ; sKnu, part). An extinct genoa of Bracbiopods 

Festhemites (Qr. ptnia, five; irema, aperture). A genus of SlatCoiiiea, ao 
named in allualon to the apertures at the summit of the valyx. 

pEBENXlBBA.fcaiATA (Lst. perenni^ peipetutil ; Or. bragckia, gill). Applied 
' '' ■ 1 "- - T - 1 .1 --rt- . — — , »i„ — i_i — 3 »i — .ughont 



to those Amphibia in vhich the 



i^ Pflipel 
giflaire 



penosnently retained througho 
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PKTAI.01B. Shaped like the petal of a flower. 

Phacops {Or. phakl, a lentil ; ops, the eye). A genua of Trilobitee. 

PsALASiiBs (Qr. tihalanx, a row). The amall bones compoaing the liigits of 

llie higher V'rrlebrata. Normally each digit has three phalangea. 
Phaserooaus (Gr. p/uaierog, viaible ; gamot, marriogi'). Plants which have 

the organs of repradnction conspicuons, and which b^r true flowers. 
PUABiSGOBBANCHn (Or. pharugx, pharynx; bragAia, gill). The order of 

Fishes compriiiing only the Idncelet. 
pHASCOLOTHEBiUH (Gr. jiAojio&w, a ponch; Ihirvm, a. beastl. A genus of 

Oolitic Manimala. 
Phhaoilacdne (6r. ;iAraj7ina, a partition ; and konoi, a cone). The chambered 

portion of the internal ihell of a BdtmrUte. 
PnytLOPOOA (Gr, jihuUea, leaf; and pom, foot). An order of Cru^acea. 
PlNBATB (Lat.jn'BBa, a feather). Feather-shaped; orpoaaeBaing lateral pro- 

PlsiiiORADA (Lat. pitiiM, a feather ; grmiior, I walh). The group of Cami«- 

ora, comprising the Seals and Walruses, adapted for an nq^uutic life. Often 

called Phmiptdia. 
PlBBOLi; (Lat. dim. of janna). The lateral proceaaes af the arras of Crinoidt. 
PlBCEa (Lat. pisci^, a fishi. The claaa of Vertehmtes coinpriaing the Pishea. 
PlaCOID (Or. ■pUix, a plate ; eidos, forra). Applied to the irregular bony 

plates, grains, or apinea which are found in the sMn of yanous S^es 

\Et>uimibraui.-hiC). 
Plagiobtomi (Gr. plagioi. tranaverso ; stoma, month). The 8harfca and Bays, 

in which the mouth is transverae, and ia plaeed on the under surfaee of ibt 

PlaTTCEBaS (Or. plaiua, broad ; kenu, horn). A genus of Univalve Hollusca. 
Plattcrinus (Gr, plnlm, broad; tritu/n, lil)^). A genus of Crinoidea. 
~ ^ - . . oriiS ] rhinea, DOitim). A gro^p at tilt Oiuulnaiiatl't. 

rLATTBOHtJs (Ur. piaius, wide ; soma, body). A genua of Ganoid Fishes. 
PleWTOcEmE (Gr. pleistos, most ; kaiHOa, new). Often used aa synonymi 
with " PoBt-PlioMUB." 
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IB nf Univalve 

«, new). The later Turtiary period, 
re ; p'dlukm, ap«|. Auextinctgeuunof Moukeys. 
; aaiim, liunl). A genus of Flesiosaiman 

: aad htslii, a cyat). An order of Frotraoa 



^^^fUBOTOKABU (Gr. pUani, the aide ; totiii, notch). 
H^' Bhella. 

^^ PLIOCEKK (Gr. pUioR, more ; fc 
PugpTTHKCoa (Gr. pUimt, mon 
PuoBAUBUS (Gr. pUion, n-~ 

ReptilM. 
PoLTOYSTiNA (Gr. jio/iM, Dumy : aac 

with forsjuiuateasiliceonBaheilg. 
PoLTPAitT. The hard chitJuoUH covering accreted by maoy of the Hudnaoa. 
PoLTPE (Gr. pvl<a, niany ; pinu, fool). Restricted to the alngJe imUvidual of 

a niiuplti AHiniKdSit, such as a Sea-anemone, or to the separate looids of a 

compound Aciiiwi'iOK, Often applied iudiaoiiminately to any of the C'telea- 

teraJa, or even to the P<i-gsxi. 
FoLTiVRA (Gr. piAua, many; pimtt, a passage). A geuus of Lace-mrala 

{FautCditda). 
P()LITRAi.U(OCE (Gr. point; and iJuilamne, chauilier). Bating many chaiiit>ers ; 

applied to tlie shells of I'oramini/fra and Cfp/taliijioda, 
FOLTZOA (Gr. pulus; and !oBn,, animal). A division of the MoUuhcuidii com- 

plwng eomponad animala, aurh as the Sea-mat — sometiuim called Brgoxna. 
FoRiF^ERA. (Lat. ponta, a pore ; and fi^o, I carry). Soinetimei uaed to dusig- 

nata the Fbraiainifnm, or the Sjhui^. 
PRXKOLA&B (Lat. jirte, before ; vuilaru, the grindoni), The molar teeth of 

Mammjia which succeed the niohirs of the milk-aet of teeth. In man, the 

bicBBi>ld teeth, 
Pbdbobcidka. (Lat. prolxueis, the enont). The order of Mammals comprising 

the Elephants. 
PflOtnXLOUa (Gr. j-m, before ; knUos, hollow). Applied to vertehno the bodies 

of which are hollow or coucave in front. 
I FltOSUITA (Lat. productits, drawn out or extended). An extinct genus of 
, Braehlopoda, in which the ahelt ia " eared," or has its lateral angles drawn 

ma (Gr. proloa, firat ; 

l' pressiona in the Potadam itand 

[_ been produced by large Crustaci. 

i (Gr.invto; and y*u(o™, plant). The lowest division 

M {OT.prolin ,- and plasso, 1 mould). Tlie elementary b; 

liaed tiaaues. Sometimes nsed synonymously for the "sarcoi 




IA (Gr. protoi: and !o6k, animal). The lowest division of the animal 

Tivs (Or. jwamnuu, sand ; odous, tooth). An eitinct genus of Cestra- 

Sharks. 
jPlmJBOPODlA (Gr. DseHdos, falsity; and jotnu, foot). The extensions of the 
c^body-substsnce whicli are put forth by the Rhiaopoda at will, and which 

pA.ulrHi, plant). An extinct genus of Lyco- 

Ur (Gr. pleraa, wing ; a, without ; odoat, tooth). A geuna of Ptero- 
- -lilea. 

. pferiHt, wing ; amie, shield). 

ir- ■' -■ -'-- ■■-■"-- '=-'■' 

Reptiles. 
pTEBOF0DA(Gr.pt«rDn, wing: and ;n)im, foot). A class of the J^sUiMiil which 

swim by means of Hns attached near the bead. 

'■— '" ■ "ring; lou™, lizard). An extinct order of Beptiles. 

i feather ; diHaim, a net). An extinct genua of 



1, form). Fear-ali&ped. 



Badiati (Lit. nutiiu, a rayt. PDrmerlT B[>p1ied to a large number ol 

vbich aK DOW placed in Heparate siib-kjiigdottis le.g,, the CaUrUemla, it 

EekinoderuiaCa, the lufuaona, ite.) 
Ramoi^HiA (Lat. ruJUM, a ray). A. diyiiion of Pmlraoa. 
Ramcs (Lat. a branch). Applied to each half or branch of the lawer jaw,ii 

mandible, of Vertehnrteg. 
RATTonEB (Lat. roplo, 1 plunder). The ordtr of the Birds of Prej^. 
Rasoebs (Lai. rado, I scratch). The order of the ScraWhing Birds |1 

Pigeons, do.) 
Reckftacclites (Lat. Tecrptacaluia, a storehonse). An extinct genuiJl 

ProUaoa. _r 

Rkftuja (Ijit. rtpto, I crawl>. The clasa of the Vtrltbrata comprieing B 

Tortoi&es, Snakes, Liianls, Crocodiles, Im, 
Rbtepoha (Lat. TfU, a net ; porai, a pore). A genna of Lace-corals {Potga 
BHAMPuoRHTacuus (Gr. rnaM(iAs.i, beali ; mugehtis, nose). 

Pterosaurinu Reptiles. 
Rhihocebus (Gr. rhit, the nose ; kema, horn). A genua of Hoofed Q 



Rby!ICH(>i.iteb (Gr. rkwjdun, beak ; and lithos, atone). Beak-sbsped foq 

conaiating of the mandibles otCeptudopodu, 
RurBCHOSELiA (Gr. rA?(j£Aoj, nose or beak). A genna of Brachlopods. 
BaUEHTIA (Lat rode, I gnaw). An order of the Mammala; often called Gm 

(Lat. glU, a dormouse). 
RoTALtA ILat. nMo. a wheel). A genua of Foramimftra. 
RUQOBA (Lat mgoiui, wricltledl. An order of Corala. 
RuxiNAHTiA (lit. rumwwr, I chew the cud). The group of Hoofed Quadrn- 

peds (Ungidaia) which " ruminate" or chew the cud. 

Sabcodh (Gr. sara:, fleah ; eidos, form). The jelly-like substance of vrhioh the 

bodies of the Pruloiaa are composed. It is an aJbuniinoua body containing 

oil-granulea, and la sometimea called " animal protoplasm." 
SaUbIa (Gr. mm>, a lizard). Any lizard-like Reptile is often spoken of as a 

"Sanrian;" but the term is sometimes restricted to the Crocodiles alone, 

or to the Crocodilea and Lscertiliase. 
SAHBOFTEBroiA (Gr. Stum ; pUrax, wing). An eitiiict order of Reptiles, 

called by Huxley Pleaioaauna, from the typical genas Plesiosavni.'. 
Saurur« (Or, mara/ miira, tail). The extinct order of Birds compri^g 

only the Artkasopttryx. 
SCANBOBBH (Lat scnjirfo, I climb). The order of the Climbing Birds (Pftrrota, 

Woodpeckers, ke.) 
Boapbiyes (Lat. jeopAa, a boat). A genus of the AmiaowMdai. 
SooLlTuns (Gr. ikoUx, a worm ; lithos, a etoue). The Tertical burrows of sea- 

BcTJTA (Lat. fcuAim, a shield). Applied to any shield-like plates ; eapeciallylo 

those which are developed in the integument of many Reptiles. 
SblaOHIa or SeiACHlI (Gr. seUu-Mt. a cartilaginons fish, prohabiy a sharicl. 

The 3Ub-orderof£^ajmo6rafi(^^iK' comprising the Sharks ami Dog-fiahes. 
Sepiosiaibe. The internal shell of uie Sepia, commonly known as the 

"cuttle-bone." 
Bepta. Partitions. .^ 

BBBPENtiFOBM. Reaembling a serpent in shape. ^^ 

Sehiclabwa (Lat. atrium, s wreath). An order of Mydmoa. | 



do, I ait). Not supported upon a stalk ox peduncle ; Bttached 

'' Sbta (Lut. brEatles). Bristles or long stiffLairs. 

BIOILLAMOIDS (Lat. flgilla, little iiusges). A gronp of extinct planta of which 
Sigillaria is the type, bo called from the seal-like markings on the bar^c. 

SnjOEOUS (Lat. aiUx, llint). Ck>mpoaiHl of Hint. 

SniiSTBAL (Lat, liniatra, we left hand). Left-handed ; apolied to the direc- 
tion of the spiral in i^rtain shells, which are said to be " 

SiFHOS (Gr, B tab-' ■— "-^ ■-- " - - --'- ■ '- 

alio to other tube 

SlPHONiA |Gr. aiphi , „ -■ p 

SlPHOilOBTOllili (Gr. liphon ; and stoma, mouth). The division of Oattera- 
podaus JUolliuea In which the aperture of the aheU la not " entire," but 

is a notch or tube for the emission of the respiratory siphon. 

B (Lat. liphttiuuiut. a little tube). The lube which eonnecte lo- 

I ^ther the Tu-iouB QhamberB of tbe shell of certaia Cephalopoda {e.g., the 

- Pearly NBHtllaB), 

SiKENiA (Cir, aeireH. a mermaid). The order of Hanimalia comprising the 
Dugonga and Manatees. 

SrvATHEHiuu (Sii-a, a Bindoo deity; 6r. thfrion, beast). An extinct genua 
of Hoofed Quadrupeds. 

fiOLlDPHOPL* (tat. solidiia, solid ; un^la, a hoof). The group of Hoofed 
Quadnipflda compriaing the Borae, Asa, and Zebra, in which each foot has 
only a single aoUd hoof. Often called Solipedia. 
kSFBHKOPIEBlB (Gr. tpkiK, a Wedge ; pi&ria, a fern). An extinct genus of 



A (Lat. apkultim, a point). Pointed needle-shaped bodies. 

^ B»* (Lat. avira, a apire or coil ; /em, I carrrl. An eitino 

BiBchiopods, with large spiral supports for the " 






, , a cirdo). A genus of tube-inhabiting 

....h the shelly tulieis coiled into a spiral disc. 

nRaiDA(Gr, ^/Bggoii, a sponge). Ilie division of Prolosoa couimonly known 
aa sponges. 
8T1LADT1TSS (Or. iialojio, I drop). Icicle-like encrustations and deposits of 

lime, wliich hang from the roof of caverns in liuieslone. 
STALiQiDTE (Gr. slaloffma, a drop). Encniatations of lime formed on the floor 

of caverns which are hollowed out of limeatone. 
SnCHAKiA (Gr. stiffma, a mark made with a pointed Instrument). A genns 

^ founded on the roots of various species of Sipltaria. 
Btbatuh (Lat. atrataa, spread out ; or atTuivm, a thing spread out). A layer 
ofro.!k. 
SraoMATOPOBi (Gr. alroma, a thing spread out ; p<^os, a. passage or pore). A 
PalieoEola genus of Prnloioa. 
BrttoFHOKENA (Gr. itTophao, I tnlst ; m^i, moon). An extinct genus of 

Brauliiopoits. 
Sub-C1A1/;aBB)US. Somewhat calcareous. 
Sns-CKNTRAL. Nearly central, Imt not quite. 
SCTUHB (Lat. ISO, 1 aew). The line of junction 

ably connected together. Applied to the line .._ 

shell join one annthar; ai,™ to the lines made upon the exterior of the shell 
of a cbBmbered Cephalopod by the margins of the aepta. 
Stbinqopoba ((jr. aurCgx, a pipe ; porot, a pore). A genus of Tabulate Corals. 

I Tabula (Lat. tabula, a tablet). Horizonts! plates or floors found in some 

b Corals, extending across the cavity of the " theca " from aide to side. 

■ISsraWBHTABT (lat. legani^Uiim, a covering). Connected with the integu- 

■ mont or skin. 

P Teleohauriis (Gr. teleua, perfect ; aaura, lizard). An extinct genits of Cro- 
codilian Beptilea. 
Tkleostki (Gr. leldoi, perfect ; osteon, bone). The o 
Fishes." 



Teuom (Or. ■ limit). Tbe laat joint in the abdomen of Onataeai,- ■ 



if Pleropoda. 



nlipemjage. 



called in ill u'aian to the perforated beakof tbe Tentral valve. 
TiST (Lat. tola, ihelli. Tlie shell of MoUaica, which are for this reason 

■ometimes called " Ttilacm ; " also, the calcareoos case of Echimideniu ; 

liao, the thick leathery outer tunic in the Tvnicaia. 
TebtaOGOUS. Proridnd with a ihell or bard coreiing. 
TKSTDoiMioa (LaL laluio, « lortaiae). The family of the Tortoleea. 
TerBABRAHL'UlATi (Gr. letra. fonr : brtigchia. gill). The order of Cephnii^ 

charaderiaed by the poasession of tour gilln. 
Tbxtulawa (Lat. ttxtUii, woven!. A genus of Forammifera. 
ThKCi. iGr. tklit. a ahBath). A genus of Pteropoda. 
TaEcoraNTOHADHltB (Or, ihiM.i abeath; odoai, tooth; raum, liiard). 4 

genus of "Thecodont " Reptiles, no named in allusion to the fact that fl 

teeth are aunk in distinct eocketa. X 

Thmwdont (Gr. (Airi™. a heaat ; odmis, loothl. A group of R«ptile»| 
■■ - ■■ ■ -irofthe^ ■ ■' ' 



, alloaion to the Mammalian character of their teeth. 



Bdly Ow . ... _. . 

THoiui((ir. a breastplate). The region of the chi... 
THyLATOLKO (Gr, IhiJakoi, a ponch \ lea, a lioa). An eittnct genus of H 

Triounia (Or. treU, three ; if/mia, angle]. A genua of Bivalve HoUuscs. 
Trioobocabpoji (Or. (t™. three ; gmia. angle ; karpoa, fmit). 

founded on foaail fmita of a three-angled form. 
Trilobtta IGr. ireii, three ; lobui. a lobe). An extinct order of G 
TbinuclBDS (Lat. tria, three ; nucletu, a kernel). A genus of Trilobttea. 
TBOooNTHKEimH (Or. troffo, I gnaw; Uterion, beast). ' " " 

Tdbicola (Lat. tvba, a tube: and aito, I inhabit). The order of Asatlida 
which MUatruct a tubular case in which they prOUet t]ieRlS«lTes, 

TtJBioOLona. inhabiting a tube. 

TuNlL'ATA (Lat. tu/Hca, a cloak). A class of MoUtacoida which are enveloped 
in a tongli leathery case or ' ' test. " 

Turbinated (Lat. furia, a top). Top-ahaped ; conical with a round base. 

TnRRii.iTES(Lal, Ihttu, a tower). ' '"■- ' -'-.'J- 



I of the Ammonitidet. 



Utrao(Lat the boas of a shield). The beali of a bivalve shell 

UKODIODLiTK (Lat. uHguU, nail). Furnished with clawa. 

Unoulata (Lai ungaia, hoof). The order of Matamats comprising the Hoofed 

Quadrupeds. 
Ungplate. Furnished with expanded nails constitntii^boofs. 
UmiLocOlah (Lat. unus, one; and locvZiu. a little purse). PoBsesaiDga single 

cavity or chamber. Applied to the shells of Faramini/em and Mollutca. 
Cmivalve (Lat. unua, one ; valva, folding-donrs). A ahell composed of a 

single piece or valve, 
Dbodkla (Gr. oum, tail ; ddol, yitable). The order of the Tailed AmphibiMlB 

mler, the stomach). Kelating to the uiferior surface of the 

. ,_ , ttle Btomaeh). A genus of slIioeDiU 

Sponges. 
VKmupoRU (Lat. t-ertniii, 
Vbhtebba (Lat. vcrto, I 

column or backbone. 
Vbhtebrata (Lat. rertdrra, a bone of the liack, from vertere, to tnm). The 

'■ ■ ' ■' Animal Kingdom roughly fiharactarised By the possession of 
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Whorl. The spiral turn of a univalve shell. 

XiPHOSUBA (Gr. xiphoSf a sword ; and oura^ tail). An order of Crustacea, 
comprising the Lirmdi or King-Crabs, characterised by their long sword- 
like tails. 

XTL0BIU8 (Gr. xulon, wood ; hios^ life). An extinct genus of Myriapods, 
named in allusion to the fact that the animal lived on decaying wood. 

iZAPHRENTis (proper name). A genus of Rugose Corals. 

ZEUOLODONTiDiB (Gr. zeugU^ a yoke ; odous, a tooth). An extinct family of 
Cetaceans, in which the moiar teeth are two-faiiged, and look as if composed 
of two parts united by a neck. 

Zoophyte (Gr. «o5n, animal ; phiUon, plant). Loosely applied to many plant- 
like animals, such as Sponges, Corals, Sea-anemones, Sea-mats, &c. 
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GonlltDH, IS. ^^^1 

CoralHum, 311. ^^^H 

ConI-n«. 117, 33), !30. ^^H 

Cnnl-rmra, 34-30. ^^M 

Conl.Buid, IB, 10, T^H 

Conl., 10»! of tm Lcnwr anniHn, M^^ 
106 ; of Uie Upper Bilnriui, IID ; of tbs 
Devontan, H0-14S; of IhB CurbonifBr- 
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t[ieTriig,i<IS-, of the Juraulc, ISO, Ul^ 
□f the GrelHVBDiiB, ISS i oT tbe Booaa, 
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7. 184 ; Uardrctuii, 
CkonovhyOua, ns. 
CidarU, 3te. 

CInclnnild Onnp, BS. W, 
Ci'lliunwmtttn j^^mcrpAum, BOS. 
CinnamuD-tiecs, Mi, sav, SOS, 9US, 3C 
Cladodut. 188. 
Cliibonie Bedx, SBB. 
C;a(»m/»ra,na; inlerWarfo, 146. 
C1>y. N 1 Bed, origin of, 3i. 
CUf-lTODntaiie. nodulet of, 31. 
CleMophant, 111. 
Cleodara, Sll. 
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ComWi tea. 
fTrf^ypAfrifm, 300 
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i>idiu bwfiliu, 348, 

DitilloeepIMm Celtieta, H; Dfinn, 

ZKtnnrpAadfln, !f4T. 
Dinichlhu; 153 ; Btrlieri, IBl. 
DiiKwerns, 303 ; mlmiilit. 304. 
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DivhyphvUum, U 
OiplogTOfilui, 101 



I>rBffon- flies, 311. 
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Anarica. K», Sit -. Ufa of, tW-SOS. 

S>«Uarf(, 1B7. 

£bp*ir(Dn, U : b'HnMmnn. SI, 

Eiinhylun BaiulBlUBe. 79, 

0.1: <_.-. ,„. 
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__t, *». 
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Sitiida. 301. »!. Slfl, K8. 
Bama, SOS : adallvt. SSi ; 
jamli: lat; dm 

Krym arMffn-mii, Us, 3M- 



Pi,™i-lX!dofCroiD«, 
PoMt-bugi, 311. 
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IBfl, MO : of tit Trias, ai4, Sli ; of the 


OlDtUni. MX 


Jnniwlc, !4(I-31S; oftlieCretaceoiu, 97a. 


GlyptaHir, ISO, 


ST8: or the K«>EnB, W6. 2Bfl; of th,. 


OlyplucTi^m, m. 




SBSS'iS'^-^*- 


Fliiit,83:'Btni(rtii«Dt, 84; orlEin of, 31 ; 


ofgMfaDiB of, S*, ISS, 103; ot C\*\V,St, 


G08t«, BIS. 


SiTm 


amimiiu, ■aa.-ua, i%T»,Ja^ 




if. «i gnpUtaot, 
Lut-bedj ol^ Ide or Moll, MS. 
Ixulo, Bf ; tmiuaio. «3 
Ltffu i mi rutite t Jforwuuanuf, H3. 
LHDmiu, SM. MS. 
htpadida, IS7. 
XAudtwriHur ffcUtlT^it 10ft 
LiptnlUia, 108 : autoiliiiwu, 107. 
ItpUiuler. 1% 



LtpidtHItu, ITS. 
LapModHidniidi. Its. 1ST, »T. 
LiBiaodriidnn, IIS, 1«, IDS, UK; iSMm- 

fcml, 1B7 
Le^dnptera, Sll. 
tupidorirni, IDS. 
/.cplrliMtflii, isa 
i>^''l<u<rDA<u. IBS. 
J^PhMm, 376. 
Ltptasa, 1(«. ltd, 136, 234: Liassica, 

Ltptoceetia, in : iJ^aiKkeDniieia, 12T. 
Lian. 220. 117, US. 



Haaatclcbt Clwlk, 36B, STfi, !8S. 
HagnuHan LlniSBtone, 17 1 mti 

■truetnnor, SS; of unPerniLa 

194, IM. 
HsgDDUa. 303. zm. Sin, ' 



LLly-oourinH 



of ^oith America. 



327-331: ot lbs ^<)<*rjH 
of, 'Id Fo9t.FliooaDB M^^l 

IrlolCid, 94; Matuur, tC^^M 
«, 13S. -^^H 

; or(hi!Trlu.a23: cttbn 
SM; otlbe Bnconn. !M: 




Middle OsTiinlan, lU: BDcene. IST, !8B, 



Ulooens period, SH : rrKln of, tn BriUin. 
SOS, SaS: In piwnca, 3M; In Belglaoi. 
at>7i Id awtUerUiul, SH; In ADitrli, 
307 : ia GermnT. K1 : if IMj, 907 ; in 



Odijutoptfryx. E07 ; totinpitu 
OdoHlvrmlha, JSV. 
Oavffin. 1U8; Biuhii, 107. 
Oilier FUnoEOa, SS3, sat. 



Ofenui, lOS; 1 
oliggoane, 3Di 
OtigoporuK, 17 



jrcNlui^ap«i>, 111 1 Sol»7uu. 89l 
■iota, ^, SS8. 

utoktjt, m, 9S1. 

HoEOODtflfldonoua plantii, S62- 
JfoHgnvfu, lOU. 119 ; prindoa, 

jroBOfU, ttl. 

■onto Bol«, Sihu of. 1»S, 
JfuntUBntlia. ion. 



OoflUf] limtwbme, strut 

of fomuEton oC, )0. 
Oolitio rucks (iH Jnru 
Oini), AUutic, n, 9S. 
Ophidia. SM ; of the Eoocne^ IM. 
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Testudinidcg, 313. 

Tetrabranchiate Cephalopods, 112 ; of the 
Cambrian, 89; of the Lower Silurian, 
112-114 : of the Upper Silurian, 130; of 
the Devonian, 149 ; of the Carltoniferous, 
186, 187 : of the Permian, 199 ; of the 
Trias, 212; of the Jurassic, 237-239; of 
the Cretaceous, 272-274 ; of the Eocene, 
294 ; of the Miocene, 312 

Textulana, 22, 2tt4, 311 ; Meyeriana, 311. 

Thanet Sands, 287, 288. 

Theca, 88. Ill, 129. 

Theca Davidii, 88. 

Thecxdium, 213. 

Thecodont Reptiles, 218. 

Thecodw/itosauruSt 200, 218 ; antiquus^ 219. 

Thecotsmilia annularis, 231. 

Thelodus, 131. 

Theriodont Reptiles. 202, 220. 

Thylacoleo, 349. 

Tile-stones, lltf. 

Tit another ium, 316 

Toothed Birds, 281-283. 

Tortoises, 202, 296. 

TragoceraSy 318. 

Travertine, 21. 

Tree-Fems, of the Devonian, 136; of the 
Coal-niea.sures. 164. 

Tremadoc Slates, 77-79. 

Trematis, 110. 

Trenton Limestone, 95, 96. 

Trianthrus Beckii, 107. 

Triassic period, 203 ; rocks of. in Britain, 
204 ; in Germany, 204 ; in the Austrian 
Alps, 205 ; in North America, 205 ; life 
of, 206-224 

Triconodon, 254. 

Tngonia, 235, 255, 269. 

Tngoniadce, 198, 211. 

Trigonocarpum. 170 ; oraf lewi, 170. 

Trilobites, 84-87 ; of the Cambrian, 85, 87 ; 
of the Lower Silurian. 107, 108; of the 
Upper Silurian, 12.3, 124 , of the De- 
vonian, 144, 145 ; of the Carboniferous, 
179. 

TrimerellidoR, 127. 

Triniicleus^ 108 ; coneentricus, 107. 

Trionycidae, 296. 

Triton, 293 

Trochocyathus, 266. 

TrocJumema, 129 

Trogontherium. 361 ; Cuvleri, 336, 361. 

Trumpet-shells, 293. 

Tulip-tree, 262, 308. 

Turbinolia sulcata, 292. 

Turbinolidce, 292. 

TurriliteSy 272, 273 : eatenuUUus, 274. 

Turritella, 271, 293 

Turtles, 202, 251, 280, 296. 

Typhis tiibifer, 293. 

Ullmania selaginoides, 197. 

Unconformability of strata, 48, 

Under-clay of coal, 162. 

Ungulata, of the Eocene, 300-303 ; of the 
Miocene, 315-319; of the Pliocene, 327- 
329 : of the Post-Pliocene, 353-357. 

Uniformity, doctrine of, 5-7. 

ITnio, 250. 



Univalves {see Gasteropoda). 

Upper Cambrian, 77-79; Chalk, 259; 
Cretaceous, 257, 260; Devonian, 135; 
Eocene, 287, 288; Greensaiid, 258; 
Helderberg, 135 ; Laurentian, 66 ; Llan- 
dovery, 115; Ludlow rock, 116; Mio- 
cene, 305 ; Oolites, 227 : Silur an period, 
115 ; rocks of, in Britain, 115, 116 ; in 
North America. 116-118 ; life of, 118-131. 

Ursu^ arctos, 359 ; A rvemensis, 330 ; /«- 
rox, 359 ; speloea, 860. 

Urus, 336, 356. 

Valley-gravels, high-level and low-level, 

33W-341. 
Vanessa Pluto, 312. 
VaranidiVt 202. 
Vegetation {see Plants). 
Ventriculites, 264, 265 ; simplex, 265. 
Vfuus's Flower-basket, 265. 
Vermilfa, 197. 

Vespertilio Parisiensis, 304, 305. 
Vi(!ksburg Beds. 289. 
Vines, 306, 309, 310. 
Vitreous Sponges, 264. 
Voltzia, 208 ; heterophylla, 209. 
Volufa, 271, 293 : elongata, 271. 
Volutes, 271, 293, 312. 

Walchia, 196, 197 ; pinifonnis, 196. 

Walrus, 322. 

Wealden Beds, 257. 

Wellingtoma, 309, 310. 

Wenlock Bfds, 115, 117; Limestone, 116; 

Shale, 115. 
Wen tie-traps, 271. 
Werfen Beds, 205, 206. 
Whalelwne Whales, 299, 315. 
Whales, 299, 315. 
Whelks. 237. 
White Chalk, 259; structure of, 21, 22; 

origin of, 23, 263. 
White Crag, 324 
White River Beds, 307. 
Wild Boar. 354. 
Willtamsonid, 230. 
Winged Lizards {see Pterosauria). 
Winged Snails {see Pteropoda). 
Wing-shells, 271. 
Wolf, 336. 360. 
Wolverine, 360. 
Wombats, 348. 
Woolhope Limestone, 115. 
Woolly Rhinoceros, 339, 341, 344, 353. 
Woolwich and Reading Beds, 287. 
Worm-burrows, 82, 83, 123. 

Xanthidia, 138, 161. 
Xenoneura antiqu/rrum, 145. 
Xiphodon, 303. 
Xylohius, 182 : SigillaricB, 182 

Zamia spiralis, 208. 

Zamites, 208. 230, 310. 

Zaphrentis, 105, 119, 142, 173 ; comicula, 

141 ; Stokesi, 104 ; vermicularis, 174. 
ZeacrlnuAi, 175. 
Zechstein, 194. 
Zeuglodon, 299, 315 ; cetoides, 299, 300. 
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